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IIpoAoyog

ZT1g Mapouoeg ONHEIOETS Yivetat pia rmpoortddeia va rnapouotaotel GUvorttkd
éva onpavuko pApa g yAoooag poypappatiopol ISO C+, pe épgaon oe 0,1
XPELAZeTal yia TV avAartusn KodiKav oTig QUOTKEG ETTIOTIHES.

H yAwooa C+ eivat, katd yevikr] opoloyia, 1dlaitepa rmlovota otig Suvatotnteg
€K(PPAONG IIOU TIAPEXEL OTOV IPOYPAPHATION] aAAd TautoXpova ONPAvIlKA ITo
HUOKO0An otV Katavonor) g, o OXEon Pe ariég yAwooeg onwg 1 Fortran katn C.
Ot apoyoeg onpelnoelg Sev £X0UV OTOXO0 Va UMTOKATACT ooV v {81 urnapyouoad
oxetkr) BBAloypadia (UTIEPTEPOUV MOTOCO EVAVTL OPIOPEVOV OXETIKOV £YXEPLEI0V)
oUTE Kdal va KAAUWouv 1r yAwooa mpoypappatiopol CH o 0AeG TIG EMMPEPOUG
duvatoneg ng.

D110608ia pou eivatl va arnodobel pia 6co 1o Suvatdv rmo aptia Kat mMAneng
neplypadn-riepiAnyn vrroouvodou g C, onwg autn dapoppodnke e 1o Stan-
dard tou 1998, kat tautdypova va dnpoupyndet pia otépen PAoT) IAVE OV OI0-
ia 0 kABe avayvaootng, pe 81kn tou mAéov rpetoBoudia, Sa propéoet va avarttuiet
MEPATTEP® T ATIATOUPEVH SE§10TNTA TOU MPOYPAPHIATIONOU OTIG UTIOAOYIOTIKES
ETTIOTIHIEG.

KaBang o1 onpetwoeig areubuvovial oe apydploug IIpoypappatiores, ermAex0n-
Ke va yivel apouoiaon mg CH og pag Bedtiwpévng C- divetal mpotepatotta
Ot XPNon £10UOV S0PV KAl EVVOIRV EVAVIl T®V PNXaviopov dnpioupyiag toug,
10 KepdAato ya v STL mponyeitat avutou yila tg KAdoelg, kK.a. Towg auvt) n
npoogyylon Bonbnoet oto va avarparet n ekova 1mou £xouv rmoAdot ya m C+ og
VAOOOW amoKAEIOTIKA Y1a AVIIKEIHEVOOTPEPT)! mpoypappatiopsd (“KATt poxX®pn-
pévo mou 8¢ pag xpetadetar”).

It/ /oee.8pot.aveB.yp/660/ pay /agadejpiig. A 00
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Ke¢palawo 1

Ewoaywyr)

'Evag nAEKIPOVIKOG UITOAOY10THG £XEL T SUVATOTTA VA TPOYOaUUatiotel Mote
va ektedéoel pia ouykekpipévn Sadikaoia. IMpoypappatiopog eivat n Aertope-
PGS TEPypadr], 0 KATOld YA®OOA IIPOYPAPHIATIONoU, TV BPNPAToV TOU MPEMEL
va akoAouBnoetl wote va 0AokAnpwoet v erubupnt) diepyaoia. To ouvolo tev
Bnupdtwv, to mpoypauua dnAadr), ouvnbeg anattei Sedopsva Mou npoKettal va e-
negepyaotel MOTE va mapdyel KAnowo anotédeopa” oxedidletal, opwg, ave§aptu)ta
AITO OUYKEKPIHIEVEG TIUES TRV BedOPEVOV AUTOV.

Ot o 61a6edopéveg YAOOOEG TIPOYPAPHATIONOU OTIS EPAPHIOOPEVESG ETTOTIHES
(Fortran, C, C+) xpnolponolouv otadepés Kal puetabintée nmoootnteg, dndadr,
Y¢oe1g ot pvrun ToU UTIOAOY10Tr), yla TV aroBnKeuorn eV rmooottov (6edo-
PEVOV KAl AMOTeEAEOPAT®V) TOU mpoypdppatog. O urodoylotig ermdpd otig Tipeg
AUTOV TRV TOCOTNT®V akoAoubaviag Stadoyikd 1ig evioAdég rou riepldapBavoviat
oto pdypappa. Yrdpxet ) Suvatdunta avadeong Ting otg petaBAntég, ermioyng
g eVtoAn|g rou Ya extedeotel 0to emopevo PBrjpa, avdaloya pe KAmola ouvOnkr),
KaBog Kat n fuvatotta enavaAnyng pag 1 rneploootepav eviodov. H Baoikr) §o-
1) Kat o Tportog Aettoupyiag evog Ipoypappatog otg rpoavagpepBeiosg yAoooeg 6e
dlapépet ouolaotika amod ) pia oty aAAn. Auto dev onuatvel 6Tl KAoeg yAmo-
0gg TIpoypapatiopou dev eival o e§ediypéveg arno dAdeg—rapéxouv, Sniadr,
eP1000TEPEG SuvaTOTTeg—T] €ival ITo KATAAANAESG Y1 CUYKEKPIPEVEG EPAPLOYES.

Mapakdte Sa napabéooupe eva Tummko kKOdika oe C+ kat Sa meprypayoupe
) Aettoupyia tou. Zta endpeva kedpadala Sa avapepbouiie otig eVIOAEG KAl HOpEG
g CH ou xperddovial yia va avartuioupe oXETKA MOAUNTAOKOUG KOSIKEG.

1.1 IIapadewypa

Ag egetacoupe pia armdn epyacia mou dédoupe va exktedeotel amo éva nle-
KTPOVIKO UTIOAOY10TH]: va pag {ntd évav mpaypatko apiOpo Kat va TUTIOVEL TO
epdywvo tou. 'Eva mAnpeg npdypappa CH mou extedel v napandave epyaocia
Kat pag oiver v eukalpia va doupe otoxela tng dopng tou kwdika, eivat to
axroAoubo:



2 KE®AAAIO 1. EIZAIQI'H

#i ncl ude <iostream>

| *
main:
Takes no arguments.
Prompts for a real number and prints its square.
Returns O.
*/
i nt
main() {
doubl e a; // Declare a real variable

/I Print text on screen
std::cout << "Give _a_number: _";

std::cin >> a; /I Get value from keyboard

/I Print text on screen
std::cout << "Square _of _input _is "

—

std::cout << a  *a; /I Print result
std::cout << '\n’; /I Change line

return O; // Successful exit from program.

Ag 10 avaducoupe:

H yAoooa CH €xel, oxeukd pe dAAeg YA®OOEG MPOYPAPATIONOU, Alyeg ev-
oOPATEPEVEG eVIoAég. Mia mAnBopa aAA@v evioA®v KAl Suvatotiov mapexetat
and ) Standard Library (STL) (KepdAato 5), turjpata tng oroiag ptopovpe va
ouprnieptddBoupe pe “obnyieg” (directives) #i ncl ude mpog tov mpoene§epyaoty).
H odnyia owmv potn ypapun tou napadesiypatog, #i ncl ude <iostream> , Sivet
m Suvatomta otov KOSIKA Pag va XPnollonotosl, avapeoa oe dAAa, 10 TAn-
KTPOAOY10 KAl tv 000vn yla £10060 kat £€§060 Sedopévav. O1 katdAAnAeg odnyieg
#i ncl ude (av urtapyxouv) Kavovikd mpernet va epgavidoviat otnv apyxn Kabs apxe-
10U pe kOd1ka C,

Keipeva petalu / * xkat */ 1) amo /| péxpt 1o 1€dog g ypapurg eivat oxoiia
(82.1.1).

H &nAwon i nt main() {...} opiel i Paoikn ouvdapwon (§4.5) os kabe
npoypappa C+: 1o dvopd tng eivat main, srmotpépel €va aképato apbuo (i nt,
§2.2.4), ev®d, 010 OUYKEKPIHPEVO 0plopo, de Héxetal opiopata: Sev unapxouv mo-
00TITEG PETASU TV TTaPeVOECE®Y TTOU akoAouBouv to ovopa. Ot eviodég (av urdp-
XOuVv) petadu v aykiotpev {} tou akoAoubouv v (kevr)) Aiota oplopdtev eivat
0 RKOO1KAG 10U eKtedeital pe v KANnon g. H ouykekpipévn ouvaptnorn mpEmnet
va urdpyetl Kat va eival povadikr oe éva oAorkAnpopevo npoypappa CH+. H e-
KTEAEOT TOU TIPOYPARHATOg SEKIVA P TV KANon TNg aro T0 AETOUPYIKO ouotnpa
KAl TEAEIDVEL PE TV ETIOTPOPI) TIHUNG O AUTO, €iTe PNId, OMKOG OTO rapddsiypa
(return 0;) eite eppéong, 6tav 1 POI} CUVAVIIOEL TO KATAANKTIIKO AYK1OTPO } (0-
note ermotpégetat o 0).! H emotpogry g Tipng 0 amé ) main()  urodnAdvet

pooégte 6T 1 tedeutaia mepimoon 10xvet povo yia m Main()  xat 6t yia ddAeg cuvaptroetg.



1.1. ITTAPAAEITMA 3

ETITUYXT eKTEAEOT] TNG. Oroladnote AAAn aképala T EVIHEP®VEL TO AETTOUPYIKO
ouotnpa yla karoto opdadpa. 'Eva apyeio kodika propet va neptdapBavet kat dad-
Aeg OUVAPTIOELG, OPIOPEVEG TPV 1) petd ) main() . Autég rmpodavag ektedouviat
Bovo av kAnBouv and ) main() 1] ano cuvaptnorn rmou Kadsitat arod auvtr).

H evtoAn) doubl e a; opiel pia mpaypatiky petaBAn) SunmAng axkpiBeiag—
dndadn exet (ouvnBwg) 15 onpavuka Yynoia owota—pe 1o 6vopa a (§2.2.5). Zin
C+ 0Aeg 01 petaBAntég mpénet va dndwbouv, dndadn va nmapouvoiactei o TUIIOG Kat
10 Ovopd toug otov compiler, pwv xpnotpornoinOouv.

Ta avuxkeipeva std::cin Kat std::cout AVTUITPOO®IIEVOUV TO TIANKTPOAOY10
Kat tnv 00ovn avtiotolxa, 1 yevikotepa, to standard input kat standard out-
put tou ektedéopou apyeiou. O tedeotrg (<<), dtav xpnowporoteital yia £§060
petaBAntov, “otédvel” v noodtnta mou v akoAoubel (to de&i vplopd tou) oto
std::cout (rou eivat avia to aplotepo O6pilopd tou). Avtiotolxa, o tedeotrg (>>)
861aBddet aro to std::cin (to aplotepod dpilopd tou) TP mou v arodidsl otnv
OCOTNTA TTIOU Tov akoAouBel. H xprijon tev rapandve rpoUnobetel, onwg avadep-
9nke, ) oupnepidAnyn tou standard header <iostream>  (§2.9). Ilapatnpnote
otl, oe avtiBeon pe madaidtepsg YA®OOeg Ipoypappatiopou, ot CH dev kabo-
pi¢oupe format yia €icodo/£§060 dedopévav. H mAnpogopia ya ) diapdpdpwor)
ToUg ouvdyetal and Tov TUIMO TV PETABANT®OV ITOU Td AVIUTIPOO®ITEVOUV. AUTO,
BéBaia, 6e onpatver 61 Sev propoupie va kKabopicoupe r.X. 10 MANO0G TV onpav-
KOV Ynoinv 1 ) otoixion v aplOpov mou Sa tunwbouv (§2.9.4).

'Eva 0UvoAo Xapaxtrpev petadu Simdov etoayeyikov (') arotelei pia otabepd
Xapaxipwv, éva C-style string. Xe pia 1€tola ogpd Popouv va UMApYouV £1-
d1kol yapaktpeg 6rwg o ‘\n’ (rou ekppadetl v addayn ypappng), ot oroiot dev
EKTUMOVOVTIAL AAAd EKTEAOUV OUYKEKPIHIEVEG Aettoupyieg. Metadu amlov eloayw-
VoV () propel va neptdapBavetal évag povo Xapaktrpag (rmou propet va eivat
e101kdg, 6nAadr) va ewoayetat pe (\))* autog arotedei pia otabepr| IOCOTTA TUTTOU
xapaxtfjpa (character literal, §2.2.2).

O tedeotr|§ (*) petadu mpaypatikov aptBpmv aviripooIteUel T YVKOOT IPddn
10U oAAarAaotlacpou.

KdBe evtoAr] tedeidvel pe eAANVIKO p@TNPATIKO (;) Katl ekteAeital pe ) ogpd
mou gpgaviletat oto apxeio (extog, BeBata, av aAAdget n por| eKTEAeoNG Pe KATAA-
Anleg eviodég). IMapatnpriote Ot o1 08nyieg mPog Tov MPOoemedepyaotr) (Ypappég
HE TIPOTO XapaKtnpa tov ‘#’) 6ev €Xouv TeAKO ;.

H C+ 8ev emmBdAAel KATIOWW OUYKEKPIPEVT] S1aPOPPOOT TOU KOOIKA" Ta KEVA,
ol aAAayég ypappng KA. Sev €xouv KaArolo 18iaitepo poAo rapd 11évo va Siaxe-
pidouv Sradoxikég Aggeig g CH+ 1) ovopata petaBAntov. Ot 9éoelg autov sival
elevbepeg (Beite OO0 akpaieg drapopPphoelg propeite va ouvaviroste oto Ila-
paptnpa A). Kevd kat addayég ypappng dev priopouv, opweg, va Staxmpilouv ta
oupBola mou arnotedouv ouvOetoug tedeotég (+=, ==, <<, [ *, // ,...). EruutAéov,
otaBepég Xapakpev, oX0Ata mou apyi¢ouv pe //  Kat eVIOAEG MPOG TOV IIPOETTE-
Sepyaotr) ev ermrpenetat va eKTeivovial oe MeEPLooOTeEPeS aro pia ypappég. Edka
ol teAeutaieg mpémnet va Ppiokovial poveg Toug oty ypappn (1) va akoAloubouviat
BOVO Ao ox0Ala) KAl O IIPOTOG 11 KEVOG XAPAKTIHPAg TOUg va eivat o ‘#’.
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1.2 Aornosig

1. Tpayrte, petaydettiote Kal eKteAéote Tov KOS1Ka 10U niapadetypatog.?

2. Tpormoroirjote 10V KOS1KA TOU MAPASelyATOG MOTE VA TUITOVEL ATTIOTEAETPATA
aAAev ekppdoswv. XpnoIomoote T0Ug TEAEOTEG +,-, *,/  (oupBoAilouv Tig
YVQOOTEG TIPASElg TG apOpunukrg). ®upndeite va 610pOwoete ta oxdAla Kat
1a PnvUpata Imou TUIMOVOVIAl OOTE VA AVIAIToOKpivovial otig aAAayeg.

3. Tt AdBn evtomidete otoV MAPAKAT® KOS1KA CH ;

#i ncl ude <iostream>
main(){std::cout << ’Hello _World\n’}

4. Tlowo eival 1o 1o CUVIOPO O®OTO Tpoypappa CH ;

5. Tt AdBn evrortidete otov napakat® KOdika C+ ;

include iostream.h

Main();

{

Double x.y,z;

cout < "Enter _two _numbers _";

cin >> a >> b

cout << 'The _numbers _in _reverse _order _are’ << b,a;

}

2To ng 9a ta Kavete autd efaptdral ané 1o Aeoupyikd cUoTnpa Kat tov compiler mou xpnoto-
roteite Kat yU auto de divovrat e8¢ Aerttopépeteg.



Kepalaio 2

Tunol rat TeAsotég

2.1 Ewayoyn)

2.1.1 XIyxoAuwa
H C+ unootnpidet 6Uo 166v oxoAta. And tov compiler ayvoeital Keipevo mou
Sekvd pe /[l kat tedetvel pe addayr) ypappng,

nepldapBavetat petadu v A kat */  ave§aputa aro 1o mndog ypappov
mou KataAapBavet.

‘Eva ox0A0 petady wv /* kat */ unopel va gpgavietal ornou ermrpénetat va
unapyxetl o xapaktpag tab, kevo 1 addayn ypapurg. [Ipoogdte 6 t€tolou turou
ox0A10 6ev propet va meptAapBavel AAAo 0X0A10 PETAdyU TV 1810V oupBOAwy.
Mapadsiypa:
/I This is a comment
int j; /I Here is a declaration
[+ Let us make
an ugly multi-line
comment.
*/

H unapdn emapkov kat owotov oXodiov os éva Kodika Bonbd onpavukd otnv
Katavonor) tou and dadAoug 1 Kail gpag toug idloug, otav, petd and kaipod, Sa
£Xoupe SeXAOEL T KAl MG AKPBOG TO KAVEL TO OUYKEKPIIEVO TTPOYPAPA.

Xprjon TV aparndve otolXei®v tng YAOooag yivetal ouxvd yla v arnopove-
on kodika. Evadldaxkuxkd, n Xprion ToU Mpoenegepyaotr) ripoodepet eva 1diaitepa
BoAko pnxaviopo yla KAt tétoto: o compiler ayvoel THAPA KOd1KaA IoU repikAe-
fetat petady tov
#if O

#endi f

[Tpoo£te 6Tl 0 analoipopevog KOdIKAG IPETTEL va givat AN PNG, TOUAAX10TOV 000V
agpopd tig mapevOeoetg (mmpéret va epgavidovat ava {evyn). Emiong, o xapaktpag
4’ PETEL va eival 0 TIPATOG i KEVOG OTIS YPAHUHES EVIOAGDV TIPOG TOV TIPOETIESEP-
yaotr).
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2.1.2 Ovoépata

Ta ovopata petaBAntov, ouvaptoe®y, TUNOV, KA. ot CH+ arnotedouviatl anod
Aatvikd ypappata (a-z,A-Z), apiOpunukd ynoeia (0-9), xkat underscore (). Ke-
pafaia kat tela yoauuara ivar Stagopeticd. Aev UTIAPYEL TIEPLOPIONOG artd ) CH
OTO PNKOG TV OVOUAT®V, Ve dev ermTpénetal va apyi¢ouv amnod aptdpnuxo ynoio.
Ovopata rou apyxiouv pe underscore () sivat rmBavo va xprnotponolouvial aro
tov compiler ordte kado eivat va anogevyovial anod tov npoypappartiotr). E-
miong, Sev erutpénetat ) Xprjon twv rporabopiopévev Agenv g CH+ (Keywords,
IMivaxkag 2.1) yia petaBAntég, ouvaptroetg, TUTIoug 0p1{OEVOUS ATTO TOV ITPOYPA}l-

patioty], KATL.
Mapadewypa:

Mrn arodektd ovopata:

ena.. lathos. onoma, pali_latho$, 1234qwer, delete, .onoma+

Anobextd ovopata:

timi, valuel2, ena_onoma_me_poly_megalo_mikos, sqrt, Delete

C+ Keywords
and and_eq asm auto bitand bitor
bool break case catch char class
compl const const_cast continue default delete
do double dynamic_cast else enum explicit
export extern  false float for friend
goto if inline int long mutable
namespace new not not_eq operator or
or_eq private  protected public register  reinterpret_cast
return short signed sizeof static static_cast
struct switch  template this throw true
try typedef typeid typename union unsigned
using virtual void volatile wchar_ t  while
Xor xor_eq

ITivaxkag 2.1: ITpokaBopiopéveg AEelg g CH.

2.2 Oepedwdderg Tunot

H C+ mapéxet éva ouvodo depedimdov TUnaV rmou aviiotolXouv otoug 1o oU-

vnBiopévoug Tporoug arobrkeuong Sebopévev:

2.2.1 Aoyikog TUnog

MetaBAntr) Aoyikou turou (bool ) eivat katdAAnAn ya v avarnapdotact) mo-
OOTNT®V TTOU PITOPOUV va rapouv §uUo Tpeg (.. var/oxt, aAndég/peudés,. .. ). H

6nAwon tétolag petaBAntrg, pe dvoua 1. a, yivetal og €§ng:

bool a;
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Ot Tipég ou propet va mapet eivat true 1 fal se. 'Onwg 6Aeg ot petaBAnteg
Yepedndmv tinev, n a cv AroKtd KAOld OUYKEKPTHEVT] TIHN HE TV TTAPATTave
dnAwon, ektog av opiletatl €§w ard kabe cuvaptnon (§4.4), kAdon (Kepdlaio 6)
Kat nanespace (§2.8), ondte eivat kabodwkn (global) xkat yivetal f al se.

ANA®OoT1) e TauToXpovy anddoor CUYKEKPIIEVNG APXIKNG TIHAG ivat ) mapa-
KAT®

bool a = true;
1}, 1ooduvapa,

bool a(true);

[Toodtnteg TUou bool kat akepaiov tunov rov Sa Sovpe MAapAKAT®, PIIOPOUV
va PEeTatparouv 1 pia oty dAAn Kai, eNOPEVES, va avapixfouv oe apldunukeg
Kat AOyikEG erppdaoelg. ‘Omote xpelddetal, pia Aoywkn petaBAnt) pe tyun true
tooduvapet pe 1 kat pe tpn f al se woduvapet pe 0. Avtiotpoda, P pndevikog
AKEPALOG PETATPETIETAL O true eve aképatog pe tpr O woobduvapet pe fal se.
Ermiong, évag pn pndevikog deiking, §4.3, pmopetl va petatparneti oe true eve o
pndevikog yivetat f al se.

2.2.2 Tinog yapaxtnpa
Mua petaBAntr winou yapaxktjpa (char) pe 6vopa . ¢, Sndovetal og eng:
char c;

Ot T1p€g TTOU PImopel va TApet ivatl £vag XapaKtrpag dro 10 OUVOAO XApaKINp®V
g vdoroinong' autd eivatr oxedov maviote, aAdd OX1 UTIOXPEDTIKA, TO OUVOAO
ASCII.

H &rAwon

char ¢ = a}
1), tooduvapa,
char c(a’);

opidel petaBAntr) TUTIOU XAPAKTIHPA e OVOPA C KAl € OUYKEKPIIEVT APXIKT) TIUn,
10 0taBepo xapaxktpa ‘a’. Ilapatnpr)ote 0Tt 0 TEAEUTAI0G TIEPIKAEIETAL OF ATTOOTPO-
@oug () oe eloayeyikd (") anotedei C-style string! mou &ev propei va arodoei
oe petaBAntr) turou char .

Kdro1ot amno toug Xapakinpeg T0U oUotrpatog xpeiadoviat e181k6 cupBoAlopo
yia va avartapactabouv. IMapouoiddoviat otov [Mivaka 2.2, padi pie Toug YEVIKOUG
TPOIoUg 1Pocdloplopoy (oe dekae§adikd KAl OKTad1KO ovuotnua) oroloudrrote
Xapaxtfpa. IT.x.

)

char newline = \n

char bell = "\a;
char alpha = \141’; /I alpha = 'a’ in ASCII
char Alpha = "x61’; /I Alpha = 'a’ in ASCII

Ot e181koi Xapaktrpeg propouv BeBaing va neptdapBavoviat kat oe C-style string.

Mapadewypa:
Me v eVioAn

lturou array of const char.
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std::cout <<
"This\nis\na\ntest\n\nShe _said, _\"How _are _you?\"\n";

epgavidetat otnv 0006vn

This
is

a
test

She said, "How are you?"

MetaBAntr winou char mou opiletat €6 amd kabe ouvdptnorn, nanmespace xkat
KAdoOT, naipvel autopata ®g Ap)iKr T 10 PNdeviko Xapaktnpd, eve av eivat
TOTTKY PetaBAnty) £éxel akabopiotn apxikn tur). [Ipoogte 6t dAAog xapakirpag
etvat o pndevikog (\0', o xapaktrpag pe tpt) O oto ouvoAo ASCII), kat aAdog o ‘0
(0 xapaxtrpag pe ekadikn tpn 48 oto ouvodo ASCII).

Xapakifpeg MmMOU OUPHEIEXOUV O EKPPACELS PE AAAOUG AKEPAIOUG TUTIOUG,
petatpenovial o i Nt (T v T ToUg 0T0 CUVOAO XAPAKINP®V) MOTE VA UTIOAOY10TEl
10 anotéAeopa.

Ag avagpepbel, xwpig va urneioéABoupe oe Aertopépeieg, Ot €vag char propet
va 6nAwdel ot eivar si gned 1) unsi gned.

Edwkoi Xapaktipeg Ilepiypadn

\? Epotnpatxko
\’ Anootpogog
\" Ewoayoyikd
\\ Avarodn kabetog
\a Koubouwvt
\b Awaypadr| xapaxtnpa
\f AM\ayn ogdidag
\n AMayn ypappng
\r Carriage return
\t Opioévtio tab
\v Kataxkoépugo tab
\xhhh Xapaxtpag pe dexkaeg§adikn avarnapdotacn hhh
\ooo Xapakinpag 1€ OKIAd1KY avarnapdiotaocty 000
\O Mn6evikog xapaxktpag

[Mivakag 2.2: E181koi Xapaktr)peg.

2.2.3 EKTeTapévog TUMOG Xapaktpa

H C+ napéxet tov turo wehar _t kat kataAAnAeg 601€G KAl oUVAPTIOELS yid TV
AnoBAKEVOT KAl XEPIOPO XAPAKIP®V 08 aApAaBnto pe replocdtepoug amod 256
Xapaktrpeg. TEtowa aAddbBnra eivatl .. 1a oUVoAd XAPAKINP®V TOV ACIATIKOV
YA®oowv rmou 6ev propouv va avanapaotabouv otg 256 9£oelg evog ouvoAou
onwg 1t.X. 10 ASCIIL.
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2.2.4 Axképatotl TUnot

Mua aképata petaBAnt) (r.x. torou i nt) dnlovetat wg eEng:
int i
Av 1 napartdve SrAwor yivet €§m aro kabe ouvdaptnorn, KAdon kat hanespace, n
petaBAntn i naipver v tpn 0, aAAdg n Tpr) g etvat anpoodidpiotn. ApYIK)
Tur (r.x. 10) &ivetatl pe v evioAn
int i = 10;

1), woduvapa, pe v
i nt i(10);

Ot tipég mou propet va AdBet pia aképata petaBAntr) kabopidovial amo v
vldoroinon. To péyebog tou TUmou i Nt anatteitat va eivat touddyioto 16 bits, ero-
PEVRG PUIMopel va avarapaotr)oetl apibpoug oto Sidotnua [—215, 215) = [-32768, 32768)
touAdyioto. Ta akpiBr) 6p1d TOU yla OUYKEKPIEVT UAoToinor rpoodiopidoviat a-

O TIG ETIOTPEPOPEVEG TIHEG TRV OUVAPToe®V Std::numeric_limits< i nt >:min()
Krat std::numeric_limits< i nt>:max() , otoroieg dnAwvovrat oto header <limits>

#i ncl ude <limits>
#i ncl ude <iostream>

i nt

main() {
std::cout << std::numeric_limits< i nt>:min();
std::cout << \n’;
std::cout << std::numeric_limits< i nt >:max();

std::cout << \n’;

return O;

}

Ytn C+ untapyouv 1pia €i6n akepainv, short int,int xatlong int, pe edayt-
ota peyédn 16, 16, 32 bits avtiotoixa. ErmumAéov, 1o péyebog tou short int
elval UMmoxpe®TIKA PIKPOTEPO 1) 100 pe o Péyebog Tou | Nt Kat auto pe ) ospd
TOU eivatl pikpotepo 1 i0o arod 1o péyebog tou | ong i nt. To akpiBeg péyebog, oe
noAAarAdola tou peyedoug tou char , divetat amo tov tedeotr) si zeof () pe d6plopa
tov kaBe turo, §2.7.1. Kabévag arod toug turoug akepaiou prnopet va opidetat wg
si gned (mposruAeypévo) 1) unsi gned.

Av dev urtapyel KAmnoiog e161k0g Adyog yla to aviifeto, kado eival va xpnotpo-
noteitatl o andog tumnog i nt. X C+ mpoBAénetal i petatporr) oe i Nt 0Awv TV
AKEPAIRV TTOCOTNTOV TT0U gpdavidovial o pia EKPpacn Pe U0 “PIKPOTEPO” Ao
i Nt TPOTOU eKTEAEOTOUV 01 TPASELS KAl UTTOAOYIOTEL 1 TN TNG €KPPACTG.

Axépaleg ZtaBepég

Mia oepd aplOpnukev Yynepiov Xepis keva 11 dAda oupBoda, mou 6ev apyilet
and 0, anotedel pia aképala otabepd oto dekadikd ovowmpa. Erurpémnetat va
apxidet pe 1o mpoonpo, '+ 1'—". Av 1o ipeto YPnoio sivai O tote ewpeitat oktadikog
ap1bpog (kat mpémnet va aroteAeitat povo anod ta yneia 0-7). Av ot 6o mnpotot
Xapaktrpeg eivat 0x 11 0X, o apBpdg Sewpeitar Serkaefadikog (kat propei va
nieplAapBavel, EKTOG TOV aplOpunuKov yndinv, toug xapaktrpeg a-f 11 A-F).
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Ap1Bpog tirou | ong i nt unodnAdvetat pe 1o xapaxkmpa L 1) 1 apéong peta
) oe1pd TV YnPpiov:

12L, OxBABEL, -6651

Av 0 ap1Bpog akodoubeitat ard U 1) u eivat tunou unsi gned i nt, eve o ouvdua-
OP0G TRV HU0 XapaAKINP®V 010 TEA0G TOU apilB1lou eival EMMIPENTOq Kat UodnAmvet
turo unsi gned | ong int.

2.2.5 IIpaypatikoi tUmot

Ztn C+ opidovral 1pelg TUIOL MPaypatikov apdpov: aming akpibeag (f | oat ),
OuAng akpiBelag (doubl e) kat extetapévng akpiBeiag (I ong doubl e). H yAwooa
eyyudatal ot 1o péyebog tou f | oat etvat pikpdtepo 1) 100 pe 1o péyebog tou doubl e
KAl auto e ) og1pd Tou glval PIKPOTePO 1) 100 arod 1o péyebog tou | ong doubl e.
To mAnbog v onpavikov yneiov kat ta akpdr) opla tou fl oat propouv va
Bpebouv av tunoooupe tov aképato std::numeric_limits< f | oat >::digits10
KAl TG EIotpePOPEVES TIHEG TV ouvaptroewv Std::numeric_limits< f I oat >::min()
rat std::numeric_limits< fl oat >:max() mou opidovtat oto header <limits>
Avtictolya 10xUouv Kat yia toug dddoug turoug. Ilpooegte ot n edeidikeuon
g std::numeric_limits<>::min() Yla ToUg MPaypatikoug TUIoug pag er-
OTPEPEL TO PIKPOTEPO Ttk aplOpo.

Av dev uTapyEl KATI0106 €181KOG AdY0G yia to aviibeto, kadod eivatl va xpnotpo-
moteital yia mpaypatikoug aptdpoug o turog doubl e, kabBog aviirpooievet Tov
BéAT10TO TUTIO MPAYHATIKGOV aplOpoVv tng Kabe vAoroinong.

IIpaypatirég Ztabepég

Mia og1pd apOpnukov yneiov xepis keva, rmou rieptdapBavet teAeia (ot 9¢on
g urnodiactodrg) oupBoAiel mpaypatkn otabepd turou doubl e. Ilpwv 1) peta
Vv Unod1aoToArn] Propet va pnv unapxouvv ynoia. O yapaxktpag e 1) E, av
Unapyel, akodoubeital arod tov aképato kB tou 10 pe ) duvaprn tou oroiou
roAAarAaoctadetal o apéomg ponyoupevog tou e/E aptbpog:

2034, 023, .44, 23, 2e—4 (=00002), 23E2 (=2300).

Av 0 ap1Bpog tededvel oe F 1) f elvat tinou fl oat - av tedewwvet oe L 1) 1 elvat
wnou | ong doubl e.

2.2.6 void

O Sepediddng tUT0G VoI d Xprotporoteital KUping @G TUITOG TOU aroteAéopa-
106 P1ag ouvaptnong yia va SnAmoet 0Tl 1] CUYKEKPIPEVE OUVAPTNOT) SeV ETOTPEPEL
antotédeopa. Mropet ertiong va xpnotponoinfei g povadiko oplopa piag ouvap-
oNG, UTTOSNA®VOVTAG € AUTOV TOV EVVAAAKTIKO TPOTIO TV KEVE] Al0Ta 0PLIoPAT®V.
H poévn dAAn xprjon tou eivatl otov tumno voi d* (8eiking oe voi d) og deiking oe
AVTIKEIPEVO AYyveOoTou Turou. Me autr) ) popdr] XPNOHooteital ®g TUrog o-
plopatog 1) ermotpePOPeVNS TIUNG YEVIKEUHPEVIS OUVAPTONG.
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2.2.7 Enumeration

Enumeration (apifunon) eival évag aképalog TUIOG Ol EITITPEITIEG TIHEG TOU
ortoiou kaBopidovral amo tov npoypappatiot. I1.x.

enum Color {RED, GREEN, BLUE}

H mapanave 6ndwon opiel éva véo tumo, tov turo Color , kat arapiBpet g
TIREG TTIOU PITOPEt va mapet pia petabAntr) autou tou tunou: RED, GREEN, BLUE
AnAwon petaBAntig tETo10u TUIoU eivat 1) akoAoudn :

Color ¢ = RED;

Mia apiBpnon eivatl Xpriotn yid va OUYKEVIP®VEL TG TIHEG evog swi t ch (§3.1.3),
bivovtag ) duvatotnta otov compiler va pag eidorotei av mapaAeiyoupe Kamoa.
Ermiong, eivat xprjoipn g TUIog ermotpodng pag ouvdaptnong (§4.4).

Ot ripég pag apibunong maipvouv aképala Tipr avaloya pe ) 9€orn Toug ot
Alota ng: n kABe pia eival katd éva peyaAutepn amno v IIPOonyoupEeVT) TG HE TV
np®tn va naipvet v tpn 0. Xt1o apdderypd pag 1o REDeivat 0, to GREEN:ivat
1 xat to BLUEeivat 2. Tia karoieg 11 6Aeg aro 1ig Tiég piag apibpnong propet va
optlotel AAAn aképala TPn® O AUTHV TV TEPIMTIOON, Ol TTOCOTNTEG Yid TG OIToieg
bev €xel oplotel pnTd CUYKEKPIIEVT aKEpaAla Tir) ivat aAtl katda 1 peyaduvtepeg
arno TG apéoms IPONYOUHEVES TOUG

enum Color {RED, GREEN=5, BLUE}; // RED = 0, GREEN = 5, BLUE = 6

Autég eivat o1 TIpEG e TIG OTT0ieG CUPHETEXOUV O aplOpnTikeg ekppdoetg. To av-
tiotpodo, 6nAadn autopaty petatport) akepaiou oe enumdev 1oxuel. H akoAoubn
€VIOAT) eivatl AdBog:

color d = 2; /I Error

2.3 Muwyadikog tumnog

ITapoAo mou 1 unootpn v Piyadikov apdpov dev ivat eyyevrg ot C
adAd napéxetal péow class template, apouoiddetal oe auto 1o onpeio Ady® g
PEYAANG XpNOoPOTNTAG TV AplBPeV aUT®V O EMOTNIOVIKOUG KOOIKEG.

H xpron piyadikov apibpev oe kodika CH npoUnobetet ) oupnepiAnyn tou
header <complex> pe v odnyia

#i ncl ude <complex>

IPOG TOV IIPOETESEPYAOTTY).
AnAwor petabAntng (r.x. z) piyadikou turnou, pe mpaypatiko Kal gaviaotiko
pépog turou doubl e yivetatl pe tnv akdAoubrn) evioAr):

std::complex<  doubl e> z; /' z =00+ 00 i

Ytn 6fjAwon, avti yla doubl e propouie va xpnotpornoirjooupie orolodrnote aAAo
wro (i nt, float, | ong doubl e,...). Av §ev kaBopiotel apyikr Tipn ya ) pe-
taBAnty, divetat avtopata n upn 0, avelaptnta ano to mov eupavitetar n dniwon,
OII®G 10XVUEL Yid OAd Ta aviKeipeva TUN®V Iou napéyovrat ano v STL.

ANA®or) pe tTautdxXpovn artodoon CUYKEKPIPEVNG ApXIKNG TIPS Yivetatl pe évav
arno T0Ug MAPAKAT® TPOTIOUS:
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std::complex<  doubl e> z1(3.41); /Il or z1 = 3.41;
/Il z1 = 3.41 + 0.0i
std::complex<  doubl e> z2(3.0,2.0);
/l z2 = 3.0 + 2.0i
std::complex<  doubl e> z3(z2); Il or z3 = z2;
Il zZ3 = z2
std::complex<  doubl e> z4(std::polar(2.0));
/Il z4 = 2.0 exp(0.0i)
std::complex<  doubl e> z5(std::polar(2.0,0.75));
/I 25 = 2.0 exp(0.75i)
H ocuvdptnon std::polar() ETNOTPEPEL Pyadiko aplOpo pe pérpo (magnitude)
10 TIPWTO Oplopa Kat @don (phase angle) (oe rad) to deutepo.
Ot apiBunuikoi tedeotég +,-, *,/ Kat ot ouvipnoeg +=,-=, *=/= (§2.7) peta-

&U axkepaiov, MPAypatikoOv Kat Piyadikov eKTteAoUV 1§ AVAPEVOIEVEG KAl YVOOTEG
npdageig ano ta pabnpatka. Emiong, ot pabnpatkég ouvaptioeig mg CH (§4.1)
6éxoviat pyadikd opiopata, emorpEéPpoviag to aviiotoryo pyadiko arotédeopa.
Na Sieukpivricoupe ot 1 ouvaptnor std::abs() e pyadiko oplopa ermotpEpet

10 pérpo tou. Ermumdéov, n ouvaptnon std::norm() ApPEYEL TO TETPAY®VO TOU
PETPOU TOU opiopatodg g eve 1) std::arg() ) @don Tou° av Z= a + I8 tote
std::abs(z) = a2 + 2,
stdnorm(z) = zz* = a? + B2,
std::arg(z) = arctan(b/a).

Axopun, n ouvdptnon std::conj() EMMIOTPEPEL TO OULUYT TOU Pyadikou opiopatodg
mg. Omnoladnrmote ékPppaon meplAapBavel Ta MAPATIAV® EMMOTPEPEL PYadIKO Kat,
EMOPEVRG, PITOPEl va Xpnotponon el yia Vv arnodoor apyXiKng THnG.

To MPAYHATIKO KAl TO PAVIACTIKO PEPOG VOGS Pyadikou aptdpou z propet va
avayvwotel povo, eite pe 1§ ouvaptroeig std::real(z) Kat std::imag(z) , elte
e T ouvaptnoelg-péAn g kKAaong std::complex<> @ z.real() xkat z.imag()

IMa va anodobei véa Tipr) 0To MPAYHATIKO 1) (AVIACTIKO PEPOG £vOg Pyadikou
TPETIEL VA VIVEL KATAOKEUT KAl avabeon véou Hiyadikou, eite prtd eite avtdopata
aro tov compiler:

std::complex<  doubl e> 2(3.0,1.0);
/' z = 3.0+ 1.0i

N
1

std::complex<  doubl e>(z.real(), 3.7);
/I z = 3.0 + 3.7i

N
1

std::complex<  doubl e>(2.3, std:iimag(z));
Il z = 23 + 3.7i

N
1

5.0; /I or z = std::complex<double>(5.0);
/' z = 5.0 + 0.0i

N
1

std::complex<  doubl e>(-1.0, 2.0);
/' z = -1.0 + 2.0i

H eyypaor) pryadikev oe apxeio pe tov tedeotr) << yivetat pe ) popon
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(mpaypatko, paviaotiko)

H avayvewon piyadikev anod apyeio pe tov tedeotr) >> yivetat pe pila and ug
MapaKAt® S1apopPpmoels:

(mpaypatko, paviaotiko)
(mpaypatiko)
MPAYHATIKO

H xprjon tou piyadikou tunou, petadu addev, SieukoAuvetat pie tnv KatdAAndn
Xprjon g evioAng t ypedef (§2.5.1).
2.4 ZIxeowaroi kat Aoyikoi TeAeotég

H C+ unootnpidel t oUyKp1lon Mocottov P I Bordeia tov oyeotakmv te-
Aeotwv ([Tivaxkag 2.3). To amotédeopa g OUYKPLONG €ival AOYIKY ITO0OTTA KAl

== oo 1= avico
> peyaAutepo < HPiKkpOTEPO
>= | peyaAutepo 1) ioo || <= | pikpotepo 1) i0o

ITivakag 2.3: xeolakoi tedeotég ot CH.

enopévag €xel ipn) true 1 fal se. II.x. 1o 3.0>2.0 eivat true eve 1o 2!=1+1
etvat f al se. Ot apBunTIKol 1eAe0TEG £€X0UV PeyaAUTEPT) TIPOTEPAIOTTA ATIO TOUG
OXEO1AKOUG.

Yxeowakoi tedeotég yla pryadikoug apidpoug opidoviat, 6nmg elvat avapevopie-
vo, povo ot (==, wootnta) kat (1=, avioomta). Ot mpaypatikoi apiBpoi rmou tuxov
OUPHETEXOUV, HETATPETIOVIAL OTOUG AVIIOTO1X0UG Pyad1koug PV T CUYKPLo1).

Ta ) ouvdeon AoyKoOV ekppacemv 11 CH mapéxel 1oug AoyiKoUg tedeoteg !
(NOT), &% (AND), || (OR).

"OA01 eKTOG AT TOV TIPOTO, §PoUV PeTaly HU0 AOYIKOV MTOCOTHTOV 1] EKPPUCEDV
Kat oXnpati¢ouv pia véa Aoyikn rmoootnta :

O tedeotr)g ! 6pa ot Aoyikr) €Kdpaon Iou Tov akoAoubel kat g arAddet
mv upn:

To! (4 > 3) eivatfal se.
To! (4 < 3) eivatrtrue.

H Moyikr) ékppaon rou oxnuati¢etatr ouvdéoviag §Uo AdAeg ekppAoelg pe
oV tedeotn) && €xel Tipn) t r ue povo av kat ot 6Uo rmoootnteg eivat t rue. Ze
AAAn nepinoon eivar f al se:

To (4 > 3) && (3.0 > 2.0) etvatrtrue
To (4 < 3) && (3.0 > 2.0) eivar f al se

O tedeotg || petadu o AoyKOV eKPPAcE®V oxnuatidel pa véa rmoootnta
pe T t r ue av éote Kat pia ano tg duo rmoodtrteg eivat t r ue, aAAiog eivat
fal se:

To@4 > 3) || (3.0 < 2.0) etvattrue
To(4 < 3) || (3.0 < 20) etvar f al se
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Mia ékppaon Pe OXEO01AKOUG 1] AoylKoUg tedeotég g CH, propei va avatebet
oe petabAntég turnou bool :

bool a = 3==2;
bool b = ( (i >0) & (i < max) );

Ag avagpépoupie 8w €éva onpavilko Xapakinplotiko g CH: o UToAoy1op0g TV
AOYIKOV eERPPACE®V Pe YepeMmSelg TUnoug ektedeital ano apiotepd mpog ta dedia
KAl otapatd otav €xel mpoodilopiotel n teAdikn tyr) (short-circuit evaluation). I1.x.
otV éKppacn

@i <0 || (i > max)

av woxveti < 0 1dte n OUVOALKT) éRPpaot eivat t r ue ave§dptnta ano t) devtepn
ouvOrKn, 1 oroia dev urtoAdoyiletat. Avadoya, otV €KPpaot)

(i < 0) && (i > max)

avi >= 0 tote 1 OUVOAKY) ékppaot eivat f al se kat ev urodoyidetattoi > max .
To XapaKInplotiko auto elval onpaviiko Kabwg 1o TPHa TNg AOYIKNG £KPPAONG
rou napaleinetal priopet va rieptdapBavel KANon ouvaptnong Pe Peyaleg anat-
T OELG OE XPOVO EKTEAEOTG 1] UVHHT).

2.5 Tevikrég ITapatnpnoceig

2.5.1 typedef

‘Evag turog pe diaitepa peyado évopa eivat SUoxpnotog, £161ka 6tav enava-
AapBdvetat. Mmopoupe va opiooupe pia AAAn, o oUviopr, ovopacia yia T€Ttolo
wno pe ) Poribswa tou t ypedef. 'Etot, o turog 1. std::complex<  doubl e>
propei va Xpnotpornoteital pe to Imo ouviopo ovopa complex av mponynOet n
EVIOAL) :

typedef std::complex<x doubl e> complex;
Mua 8nAwon pyadikng petaBAntrg Propel Katormy va yivel og e§ng:
complex z;

Mua dAAn xpnon tou t ypedef eivatl yla va “evioruotei” n 61jAwon evog TUrou
wote va priopei va adAddet oAU eUkoAa: £€0t® Ot opiloupe pia ouvaptnon 1ou
Xepiletal mpaypatkoug apOpoug dutdng axkpiBeiag. O tomog toug Sa eivat
doubl e. Av xkatoruv 9eArjooupe va va @uagoupe pia 0pola ouvdaptnorn Iou va
Xepidetal mpaypatnkoug apiBpoug arrg akpiBelag, mpérnet va addaioupe kabe
epgavion tou tunou doubl e pe tov tiro f | oat . EvaAAaktikd, otnv apyikr pou-
tiva priopoupe va SnAdoouie 6A0UG TOUG TIPAYHATIKOUG g real  £xoviag opioet
o 1PV OTl

typedef doubl e real;

H petatporty) tov npaypatkev petaBAntov mg poutivag oe fl oat Sa eivat tote
Aapeon pe ) e§hg povadikn addayn:

typedef float real

H tedeutaia epappoyn g t ypedef pmopet va yiver ot C+ 1o arnotedeopa-
KA pe ) Pornbela v template functions (§4.7).
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2.5.2 ZtaBepig MOOCOTNTEG

IToooNTEG TIOU £X0UV YV®OTI ApX1KL) TN Kat 8ev aAAaldouv os OAn tnv eKTéAe-
o1 ToU Ipoypappatog, eivat kado va dndevovial wg otabepég wote o compiler va
uropet va 1npoBeil oe BeAtiotonoinon tou KOdika Katl, tautdoyxpova, va UIopet va
pag edorooet av katd Aabog rpoorntabrjcoupie va petaBaloupe oto ipoypappa
TV T TOoOTNTAG TTOU AOYKA givat otabepry. H drjAwon tétolag mooodtntag yivetat
XPNOHorolOvIag v rpoxkabopiopévn AéSn const Kat ouvodeUeTal UMTOXPEDTIKA
He anodoorn) g apX1Kng (Kat povipng) Tipng:

doubl e const pi = 3.141592653589793;
i nt const maximum = 100;

Y& moootteg Tou £xouv SnAwbel g const autovonto eivat ot dev propet va yivet
avdaBeon Tprng.

Kalo eivatl va xpnouyionotovviat cUpBoAKEG 0Tabepég yia va anopeuyetat n
XPHon “payikov aptOpov”’ otov kodika. Av pia moootnta mnou sivat otadepr) (..
mAn0og otoixelwv o mivaka, UOIKESG 1] padnpatikég otabepég) xpnotponoteitat
He TV aplOpnuky g T Katl oxXt pe oupBoAiko ovopa kabiotatat Saitepa
duokoAn n addayr) g KaBOG MPETEL va avayveplotel Kat va tportornoin et o 0Aa
1a onpeia ou KOd1KA mou spgavidetat.

2.5.3 AnAdcosig KAl andédoon apxirng TRNG

O1 dndooeig petaBAntov kat otabepov mpernet va eival povadikég oto block
mou opidovral kat BéBaia oe éva block dev esrmrpénetal va xpnotpornoteitat 1o
1610 ovopa yla dapopetikég moodtnteg. Mrmopouv va epgavidoviat oe oxXebov
ortolodnmote onpeio ou kKwéka. Ot mooodtnteg eival kado va dndovoviat oto
onpeio mou xpetddovrat Kat, omnote eivat duvatdv, va toug anodidetal tautdypova
KAl 1 apX1Kn toug tpn. ‘Onwg avagépbnke, ot petabAntég SepeAdwdov tunov
rou opidovtat £é§w aro kabe ouvaptnor, kKAdon Kat nanmespace (ektog tou global)
XWPIS apX1Kr) Tjr), aipvouv auvtopata v T 0 (LETaTpernopev) otov KatdAAnio
o). Av sival Torukeg petabAntég, kat e dndovoviat wg st ati ¢ (§4.9), £éxouv
aubaipetn apxikn T kat e Sa mpenet va faoci{opacte oto 0Tl KAnotog compiler
propet va ermdéget va tig pndevioet.

Ta v anodoon apyX1Khg TIPUAS OTOUS EVOMPAT®HEVOUS TUToug g CH ma-
pouotaotnke évag 8taitepa 61adedopévog TpOII0G, OTIMG KANPOVORHOnKe amo i
C:

int a=3;
'Onwg eidape oto §2.3, n ouykekpévn ouvradn dev propel va enektadel yua tmyv
anodoorn apyiKng THNG o aviikeipeva KAAoe@v (0riwg etvat ot piyadikoi ot C+)

otav xpetadoviat meplocotepeg and pia moodtnieg yia tov Kabopiopod g apXikng
ratdotaong. H C+ elorjyaye S1apopetikn ouvtadn yla autrv v mpdain,

std::complex<  doubl e> z(1.0,2.0); /' z =10 + 20 i

H ouykekpipévn ouvradn propei va Xprnotpornotnfel Kat otoug EVORRATOIEVOUG
TUTIOUG® Ol TTAPAKAT® dNA®Moelg pe anodoorn apXiKng TPng ivat 10oduvayieg:

int b =4
int b(4);
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EvaAAaktikd, yla roodtnteg eite EVOOPAT®PEVOU TUTTOU (TT.X. i Nt ) eite Kataokeua-
Op€vou arto to xpnotn (ri.x. std::complex<  doubl e>), propet 10oduvapa va xpn-
owpononBel 1 akoAoubn cuvtadn yia anodoon apyikng TPrg:

int ¢ = int(3); I/l c =3

std::complex<  doubl e> z = std::complex<  doubl e>(3.0, 2.0);
/l'z =30 + 2.0i

int d=int();
/I d gets default integer value, O.

std::complex<  doubl e> y = std::complex<  doubl e>();
/I 'y gets the default value specified
/I in complex<> class, 0.0 + 0.0i.

H opowopop@ia ot ouvtagn katd v anodoorn apX1KAg TG 08 EVOORATOHEVOUG
TUTIOUG KAl TUTIOUG Kabop1ddpevoug armo 1o Xpnotn eivatl anapaitntn yia v vAo-
noinon tev templates (§4.7,86.3).

H yAdooa rtapéyet i Suvatotta va ouvdualoviat SnAwoelg petabAntov idou
tunou oe pia. 'Etot ot SnAooeig
int a
int b;

pIopouv woduvapa va yivouv
int ab;

O kod1kag elval eukpveéotepog av 1 Kabe dAwon yivetal oe EXOP1OT YPaPHn
KaBog pag dieukoAuvel va napabetoupie ox0Ala yla v moootta mou opidetat
Kat edayiotonotel v mbavonta Aaboug dnAdwong karowag petabAnmg. I1.x. n
6rAwon

int = ab;

opidetl éva beikin oe aképatlo (Oriwg Sa dovpe MapaKAT®), TOV &, Kal £€va aKEPAlo,
1o b. To o TBavo eivat ot o rIpoypappatiot)g ermbupovuoe dnAworn 6Uo SelKtOv.

2.5.4 EpBéAsia

'‘OAeg o1 petaBAntég, otabepig, CUVAPTIOELG, TUTTOL PITOPOUV va XPT1CTHOTION -
90UV aro 1o onpeio g drAwong T10Ug? £mS TO KATAANKTIKO } Tou block oto oroio
avrirkouv. Ot kaBoAkeg (global) moootteg, autég SnAadn mou opidovial €§m arnd
KABe ouvaptnorn (§4.4), kKAdaon (Kepalaio 6) kat nanespace (§2.8), £xouv epBéieia
HEXPL TO TEAOG TOou apxeiou oto oroio yivetat n 6rAeon (kat oe 6oa apyeia oup-
nieptdapBavetal autd pe #i ncl ude). Kabog autég o1 moootnteg “gpaivovial” and
peydda tanpata 1ou Kodika, ot addayég toug eivat 8uokolo va eviortotovv. Ta
10 Adyo autd, n xprjon toug da mpérel va eivatl e§alpetika ondvia, povo yua ug
nepUTtRoelg rmou Se yiveratl va v anoduyoupe. Ot Sopég rou Sa cuvavirjooupe
oto KepdAato 3 kabog Katl o1 ouvaptrioelg arnotedovv EEX®OPIoT0 XMPO OVOUATOV
e 81kn toug epBéAela.

[Ipoooxr] 9€Aet n mepintoon mou Xproporoteitatl to 1610 évopa yia dagpope-
TKkEG oootnteg oe Huo Srapopetika block to éva péoa oto addo. IL.y.

2y1a g ouvaptioeig SrAmon kat oplopdg Sev tautiovial anapaitnta.
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#i ncl ude <iostream>

i nt

main()

{ /I begin block A
double x = 3.2;

{ /I begin block B
int x = 5;

std::cout << X;
/I prints 5
} /I end block B

std::cout << Xx;
/I prints 3.2

return O;
} /l end  block A

H petaBAnt x oto eowtepikd block “kpuBel” oe autd ) x tou e§wtepikou block:
ortoladnrote avabeon 1] XPr)o1 TIHNG OT0 X avadEPETAl EKEL 0TV arEPA1d TTOCOTNTA
X. 'Otav kAeioel 10 eonteP1kO block kataotpédetal n aképaita PetaBAnt X Kat
‘Cavagaivetal” n mPAypatiky petabAnt) X.

Kalo eivatl va amogeuvyestat autr 1) KAtaotaor).

2.6 XuvOetotl Turmnoi

Xpno1ponowviag toug maparnave Jepedndelg turoug priopoupe va opicou-
pe ddAoug, ouvbetoug, pe KATtdAAnAo TPOI0 MOTE va AVATIAPLOTOUV £VVOlEG TOU
nipoypdappatog pag. 'Etot yia opada oxetdopevav rmoootnev id1ou tunou xpnot-
poroovpe mivaka (array) eve yia oUvoAlo PeTtaBAnTteov diapopetikoy (1) kat idiou)
TUrou KatdAAnAeg eivatl n Sopr (st ruct ) kat n enéktaot) g, n KAdon (cl ass).

2.6.1 IIivareg

'Eva ouvolo oxetiddopevav mpaypatikov aptdpov rou avilripoo®Ievouy IL.Y. )
Yeppokpaocia 1o peonpépt oe pia moAn Katd ) Siapkela 10U £10Ug, eivat ermbupn-
10 va anobnkevetal o £va povodiaotato mivaka (array) mpaypatkeyv apldpov pe
365 oroixeia mapd oe 104p1Opeg avesaptnteg petaBAntég. H xprjon mivaka Sieu-
KOAUVEL TIOAU TV avadrnorn, Ta§vopnon Kai, yevikd, Staxeipion oxetddopevev
TIOCOTHTOV.

H 81Awon ot C+ evog povodiaotatou rivaka yivetat cUpBoAKA oG €81 :

wmnog ovoualmAndog_otolyeimv];

To mAndog_otoyeimv mMPEMEeL va eival pia aképain otadepad 1) pia axépain otadepn
Too0INTAa, YV@on Kata m petayiotion ov kodika. I'a dyveoto Andog ototxeiov
propoupe va xpnotporotovpe containers mg STL, KepaAato 5.

Ot napaxkdte dniwoelg opidouv Tov mpaypatiko mnivaka temperature pe 365
otolxela KAl €va Tivaka OV TEIPAPNPIOV E0OTEPIKOV TNAEPOVOV P1ag etaipiag
(rtou xwpouv ot i nt):
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doubl e temperature[365];

int const N = 155;
i nt telephone[N];

H 8nAwor tou telephone éyive pe “napdperpo” 1o mAnbog tov otoixeiov Mote pia
aAdayrn Tou va pnv anattei EKIETapeveg TPOITOTION)0ElG OTOV KOO1KA.

[IpooBaon ota otoixeia evog mivaka, 1.X. tou temperature, yivetatr fadoviag
0€ ayKUAEG PETd to dvopa tou mivaka éva axrépato puetalv 0 kat D—-1 6mou D n
6tdotaorn. To npoto, 6nAadn, orotxeio tou mivaka eivat ot S¢on 0. IL.x.

temperature[0] 14.0;
temperature[l] = 14.5;

temperature[2] = 15.5;
temperature[3] = 13.0;
temperature[4] = 15.0;

int i = 3;

std::cout << "The _Temperature _on_";

std::cout << i+1; /I Notice the increment
std::cout << " _day _was: "

std::cout << temperatureli];

std::cout << \n’;

[Ipooétte ot av dooete beiktn (index) eKtoOg TV Opiv ToU mivakd, dnAadny KAT®
aro 1o 0 1) mave ard D—-1 e 9a Sayvootei g AdOog aro tov compiler (Soxkipdote
o).

Mrniopoupe va 8ooupe apXIKEG TIHEG OTa OTOIXEla £vOg TivaKka €AV KATd TOV
0p1oJ0 ToU Ttapabécoupie Alota IOV e 1610 (1) petatpeyo) TUro Je ta otolxeia.
Kata ) 6nAewon pe apXikn tipr priopoupe va napaleiyoupe ) Sidotaon tou
mivaxa orote urtoAoyidetat arno tov compiler pe Baon 1o MANRO0G TV rapatOepe-
VOV TIHOV. Av urtdpyetl Kat n Sidotaon dev ermrpénetal va divovial eplocotePes
APXIKEG TIHEG, EVR), av Tapatibeviatl Atyotepeg, ol urodoirneg Jewpouviat O (peta-
TPETIOEVO OTOV AVIIOTO1XO0 TUTIO):

i nt primes[5] = {1,2,3,5,7};

i nt digits[] = {0,1,2,3,4,5,6,7,8,9}; /I size is 10
char alphabet[5] = {a’, 'b’, 'c, 'd’, ’e, '} /I Error
int a[5] = {12, 5, 4}; /I a == {12,5,4,0,0}

Ot mivakeg mpaypatkev aptopav eivat n faoikr) (kat ouolaotikd n povn) dopr
IOV MAPEXOUV YAWOOES TIPOypappatiopou onwg ot C kat Fortran yia eruotnpovi-
KOUG urodoyiopoug. Ag onuetwbetl ot ot dididotatot (kat yevika rnodudidotaton)
niivakeg ot C kat CH tapouo1alouv PEIOVEKTHIATA Ot XPHOT| TOUS O TETO10UG
urnoAoytlopoug kat (Sa €mperte va) anogpevyoviat.

"Evag 6181dotatog mivakag ot C+ opietal cupBoAikda wg eEngG:

wnog ovoualrindog_otoiyeiov_1][mandog_otoyeiov_2];
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[Tivakeg nieploootepwv Staotdoemv opidovtal avadoya. Enopéveg, €évag aképalog
6 x 8 &161aotatog mivakag eivat o

i nt a[6][8];

To otokeio .. (3,2) tou mivaka autou eival rpoorteddotpo wg a[3][2]
Aro6001 apXIK®OV TIHOV yivetal avd ypapur, og egng:

int b[2][3] = { {0, 1, 2}, {3, 4, 5} };

ITivakeg OAUdIAOTATOL, UE YV@OTES O1a0TATELS Katd T UETayAdTion 1ou Kodt-
Ka, Prnopouv va opidoviatl pe tov mapandave Iporo. Xe mivaka Pe T€T010 oplopo,
etval kado, otav tov diatpéxoupe, va petabdAdetal mo ypryopa o tedeutaiog de-
KNG ta otoikeia arobnkevovial katd yoaupes (row-major order). Ilpooélte Ot
ow Fortran n amodnkevon yivetar kata otrieg (column-major order). Xuvenwg,
évag moAudiaoctatog mivakag mg C 1) CH+  avupetenidetal g o avaotpopog tou
ano poutiveg Fortran.

Evadlaxktukd, eivat mpotipotepn yua dapopoug Adyoug, av kat rmo duoxpn-
0T, 1) AVIPETWITIOL TOUG ®G povodidotatoug oe column-major order pe v €§1g

Hopor):

‘Evag pabnpartikog 8ididotatog mivakag [A] pe Sidotaceig N1xN2, opidetat
otn C+ g povodiaotatog pe minbog otoixeiov N1 N2. To otoixeio A
avtiotoiyel oto afi+ N1 *j] .

‘Evag pabnpaukdg tpididotatog rivakag [Ax] pe dtaotaoeig N1 x N2 x N3,
opiletal wg povodidotatog pe mAndog otorxeiov N1« N2« N3. To otoixeio
A jk avuotoxeioto ali + NI = (j + N2+ K)] .

Avtiotoixa 10XU0uV yila meploootepes 6100TA0ELS.

“Texvdopata” mou xprnotpornotlouvial anod npoypappartiotég g C ya va opicouv
€ IO €UXPNOTO TPOI0 TOUG IOAUSIA0TATOUG Iivakeg, TOUg Kabiotouv ouvnBwg
apyoug Kat aocupBatoug e Toug Iivakeg avtiotoing diaotaong g Fortran xkat,
OUVETIRG, AKATAAANAOUG Y1d TIG EKTETANEVEG OUAAOYEG PaBNPATIKGOV POUTIVAOV TTOU
€xouv ypagel oty yAowooa autn.

'Onwg 9a douvpe, n CH mapéyel 10 PNXaAviopo yid va arAornoleital onpavikda
n xpHon moAudlactate®v rmvakev. Ermmméov, slofyaye péow tng Standard Li-
brary (STL) véeg §0p€G IPOG AVTIKATAOCTAOT TV FIOVOS1A0TATOV IMTIVAK®V HE aApKe-
14 mMAsovektpata’ 9a avapepOouie 0 AUTEG AVAAUTIKA OTO AVIiOTOLX0 Kepdalato.
Edw® propoupe va kavoupe pia ardn avagopd oty dlaitepa xpnotprn KAAo
std::vector<> artd to header <vector> : oplopdg povodidotatou mivaka pe
ovopa v, 30 otoikeiov turou 1. doubl e yivetat og £&ng

std::vector< doubl e> v(30);

[Tpoo£te ) Yprjon rapevheoewv otov oplopd. H didotaon bev eivar arapaitnia
yvoom kata m petayiotion, propel va 600el e§otepika 1 va urodoyiotei katd
MV EKTEAEOT] TOU TIPOYPAPHATOG

IMapadeypa:

#i ncl ude <vector>

#i ncl ude <iostream>

int main() {
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int N;

std::cin >> N; /I get dimension
std::vector< doubl e> v(N);

1 V0], V1], ..., VIN-1]
}

Kata ta Aoutd, n xprjon tou mivaka v eival akpiBog opola pe Toug EVoRUATo-
pévoug mivakeg g C. Tig ermumdéov Suvatdtnteg IOU PaAg ITAPEXEL 1 KAAOT)
std::vector<> 9a 1§ avaAduooupe oto Kegpaldao 5.

2.6.2 Aopn (struct)

Mia dAdou eidoug ouvOetn dopn elvat emiong KATtdAANAn yia v neptypadr) o
KOO1KA LY. EVOG XNIIKOU ototxeiou. 'Onwg §Epouyie, 10 otoixeio mpoodilopiletat
arnd 10 6Vopd Tou, T0 XNHIKO ToU oUPBoA0, TOV AtOpiko Tou aptfpo, ) pada tou,
KA. Autd ta oxetidopeva dedopéva avanaplotovial KaAutepd O Eva 0UVOAO TT0U
ouviuddel Og1PEg XAPAKTI POV, AKEPATIOUG KAl IIpAyHaATtikoug aplfpoug. Ga doupe
apyotepa Ott 0 KatdAAnAog TUIog yid )V avarapdotao!) Oelpdg XapaKIp@V Ot
C++ eivat o std::string aro tov header <string> . Me auto unioyn o véog TUTIog
opiletat, oe oro1odnote onpeio ermrpénetal pa SrAwor), g e§Ng:

struct ChemicalElement {
doubl e mass;
int Z; /I atomic number
std::string name;
std::string symbol;

h

[Mapatnpeiote 10 (;) ou akoAouBei 1o kataAnkuko }. H dndwon dopng (1) kAaong)
etvat éva ané ta Atya onpueia g C+ nou epgavidetatl o cuvduaopdg };.2

O véog turog pe to 6vopa ChemicalElement sioayetat pe v ripokabopiopévn
AéEn struct axkodouBoupevo ard 1o dvopa Kat, evidg aykiotpwv, SnAooeig mo-
ooNI®V (XwpPlg ouykekplpévn oelpd) JepeAdwdov 1 dAAeov ouvBetwv Tunwv. Ot
OOOTNTEG AUTEG eivatl ta puéjn tng doung kat n epBéAeld toug meplopiletal oto
oopa g dopng. Mia petaBAnt tvnou ChemicalElement opidetatl oniwg orola-
6rrote rmoootnta Sepediddoug TUTOU

ChemicalElement oxygen;

Amnt66001 apX1KNg THNg Propet va yivet pe tov tporo nou eidape otoug nivakeg:
péoa og AyKloTpa MapaBEToulie TTOCOTNTEG TTIOU AVIIOTOLXOUV Otd 11€AN tng 0N,
e ) oglpd 1ou SnAwbnKav otov oplopo Ing, I.X.

ChemicalElement hydrogen = {1.008, 1, "Hydrogen", "H"};

[TpooBaon ota péAn piag dopng yiverat pe tov tedeotr) (. )° 1o dvopa tng dopng
akoAouBeitatl arod (. ) kat 1o évopa tou pEAoug:

oxygen.name = "Oxygen";

oxygen.mass = 15.99494,

oxygen.Z = 8;
oxygen.symbol = "O"

3Tov cuvavtijoape {61 otV avdbeon apXIKOV TGOV OE THVAKES KAt apiOunoetg.
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std::cout << "The _mass_of _element _";
std::cout << oxygen.name;
std::cout << " is "

— —

std::cout << oxygen.mass;
std::cout << \n’;

H 8opn (st ruct) mou unapyet ot C arnotédeoe ) BAocn yia tv avantudn tov
KAdoewv oty C+ ontwg Sa oupe oto Kepddato 6. Ot KAAOELG EMITPETTOUV ETTUITAEOV
1 S1Awon ouvaptoeav ©g PEAN o pia dopr).

2.7 ApOpnuikoi TeAeotég

T C kat ) C+ undpxouv 81adopot TeAEOTEG TIOU EKTEAOUV OUYKEKPIIEVES
aplOpnuKkeg mPAaselg:

Movadiaiot +,- : Apwvtag oe éva apiBpo a pag divouv tov 1610 ap1Opo n tov
avtiBeto tou aviiotoya.

Auabdikoi +,-, *: Apwvtag petadu duo apdpov a,b pag &ivouv to dOpotoua,
m Stapopd KAt 10 YIVOPEVO TOUG aviiotolXd.

Auvadikog / petadu mpaypatkev a,b: divet to Adyo a/b.

Auvadikoi /,% petalu akepaiov ivouv 1o tnAiko kat 1o urdoAotro tng diaipe-
ong avtiotoya.

[Tpoogdte Ot Hev undpyetl tedeotig ylia vyworn oe Suvaprn. Avt autou Xpnot-
portoteitat n ouvaptnon std::pow() rou niepldapBavetat otov header <cmath>
(Mivakag 4.1).

'‘Evag idiwpatiopog g CH elvat o1 CUVIPAOES TOV TIAPATIAVE TEAECTOV HE TO
(=): nmpddn a = a + b; ypagetal ouvhHOwg wg a+=b; . Avtictolxa 1oxUOUV Kat
yia toug dAdoug tedeotég (+=, -=, * =, /=, %3 xwpic keva ustalv tou tefleotr Kkat
ou =. Ot 8U0 ekPpdoelg apandave ivatl 1006Uvapeg, KTOg Ao TV MEPINTOON
TIOU 0 UTTOAOY1OPOG TG HETABANTNG a Tapouotadel “mapevépyeleg” oav Katl auty)
ou 9a doupe apEong MApaKATe.

‘AAAog Swpatiopog g CH eivat ot povadiaiot tedeotég ++ Kat --  (xwpig Keva)
ot ortoiot pouv eite mpv eite petd v apOpunukn petaBAnm. Av dpouv mpv,
Y. Onwg oV £kppaon b = ++a + ¢; tote au§dvetalr katd 1 n upr tou a,
artoBHnKeVETAL OTO a KAl 1] VEA TIJT) XPNOIHOIIoLEiTAl yid va UTIOAOY10TEL 1 ERPpaon.
Av 6pouv petd, Y. Onwg oty Ekppaon b = a++ + c; 1OTE MP®Ta uoAoyidetat
n érPpaocn Kat peta audaverat katd 1 1o a kat arobnkevetal. Avtiototxa (pe
pewwoetg kata 1) wxvouv ya 1 -- . ‘Apa to

b=-a+cg

ooduvapet pe

a = a-l,
b=a+c
£V TO

b =a- + ¢
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ooduvapet pe

b=a+c
a = a-l,

[Mapatprjote 011 01 TeAeoTEG ++ KAl -- HETA TV aplOunukn petaBAn xpeiddov-
1Al Pid IIPOO®PVI) ITOCOTNTA Yid ArtoO1KEUOT KATd TV EKTEAEOT] TG AVIIOTOIXNS
PAgNGg TouUg Kal, eMOPEVRG, eivatl mpotipdtepo, av dev urnapxet Adyog, va yivetat
1 audnon 1 peioon pe Toug tedeotég TPtV tv aplOpnuky petabAnt).

Zrov ITivaka 2.4 rapatiBevial o1 OXETIKEG TIPOTEPALOTTEG KATIOI®V TEAECTMV.
IMa tedeotég 161ag mpotepaldag, o1 mPAagetg ektedouvial ard aplotePd mpog ta
6e§1d. ESaipeon anotedouv ot tedeotég avabeong Kat ot povadiaiol. Tnpelmote Ot
ouveyopeva oupBoda (xewpig Keva) opadorolovvial anod aplotepd rpog ta Se§id
and tov compiler Gote va oxnuatiotel 0 parputePog oUVOETOg TeAeotng Katl Sev
avupetnidovial xeplotd. IL.X. n ékppaon a--b  Sewpeital og (a--)b  (kar eivat
Adbog) mapa wg a-(-b) . Ot mapevBeoelg propouv va ermBaAouv SlapopeTikn
0e1pd EKTEAEONG TOV TIPASEGDV.

Y& eK(PPAOELS TIOU OUPPETIEXOUV ITOOOTNTEG H1APOPETIK®Y UMV yivovial au-
topata and tov compiler o1 katdAAnAeg petatporieg (av eival epiktég, aAAing otn
petayAotton Byaiver AdaBog) wote va yivouv 0Aeg (610U TUTOU Kal ouyxpov®g va
un xavetar n axpibeia. 'Etot r.X. oe mipddn petadu i nt kat doubl e yivetat peta-
tpor) tou i Nt oe doubl e kat petd n avtiotokn nPASn petady ootV SIMALg
akpiBelag. Ag onpelwdel 0Tl MOOOTNTEG TUITOU HIKPOTEPOU arto i Nt (orwg bool
kat char) petatpénioviat og i Nt Kat katormy ektedeitat n mpddn, akoua kat otav
givar idieg. Ta v KAtavonorn 1ou Kedika eivat Kado va arodpevyoviat “apuoikeg”
eKPPAoEIg TIAPOAo TIOU 1] YA®ood TPOBAETIEL KAVOVEG PETATPOTG: Ylati I.X. va
Xpetaletat va rpoobéom bool xat char;

Ot petatporieg ano éva depedindn tino oe dAdov, “peyadutepo” (pe v év-
vola 0Tl EMAPKEL yia va avarnapaoctrost v apXikr tur) dev kpuBouv 18iaitepeg
exrAnels. Ilpoooxn xpetadetal dtav yiveral HeTtatport) o “Uikpotepo” Turo, Iy.
otV avabeon o€ aKEPA10 EVOG TIPAYHATIKOU ap1lOpoU. Le T€101a MePIneon yivetat
OTPOYYUAOTIOINOT) TOU MPAYHATIKOU OTOV APE0KMS PIKPOTEPO AKEPALO KAl KATOITV
yivetat n avdbeon. ErmmumAéov, eival duvatdv n orpoyyulormoinpévn T va pnv
etval péoa ota opla TPV NG rpog avadeon petaBAntng ondte 1 oUPIEPIPoPa
TOU MPOYPARHATog (Kat 6xt 116vo 1o arnotédeopia) eivat ampoodidpiotn).’ 'Etot

int a=2314; [/l ais 3
short int b = 12121212121.3; /I b = ??

Yridpxouv mepUTtaoelg ou o rpoypappatiotng déAet va kabopilel ouykekpt-
pévn petatportr). 'Onwg avadépOdnke, o tedeotrng (/) petadu nmpaypatkov apldpov
extedel kAt drapopetikd aro tov (/) petady akepaiov. ITov MAPAKATO KOdIKA
rou urtodoyiel v (paypatikr) péon T KAMowv akepaiov eivat anapaitn-
10 va ermdexOel n §paon tou /. AUTO ETUTUYXAVETAL PE T PNTY] HETATPOI] T®V
AKEPAIOV OPIOPAT®V TOU OE TIPAYHATIKOUG e TV eVIOAn st ati c_cast :

int sum 2 + 3+ 5

int N=3;

/I Wrong value
doubl e meanl = sum / N;

5Evag xaldg compiler avayvapilet kat mpos18omnotet o 101G MEPITTOTELS.
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Zxetkeg IIpotepardotnteg TeAdeotwv tng CH+

ermdoyr) péAoug KAdong .
ermoyr) péAoug beiktn oe KAGON ->

KArjon ouvaptnong 0
eSaywyr) TIUNG ano rmivaka 1
avdnon/peioon (petd ) petabAntr) ++, --
péyebog avikeipévou si zeof
1€yeB0g AVIIKEIPEVOU 1] TUTIOU si zeof ()
avdnon/peioon (pwv ) petabAntr) ++, -
bitwise NOT ~
eSaywyr) ieubuvong &
eSaywyr) tprg ano Seik *
Aoywko NOT !
povadiaio ouv/mAnv +, -
noAAarAactaopog *
Saipeon (1) nAixko) /
uTidAotro %
aBpoiopa +
Sagopa -
petatoruon 6e€1d, apotepd >>, <<
HKPOTEPO <
HIKPOTEPO 1] 100 <=
peyaAutepo >
peyalutepo 1) 0o >=
100 ==
avioo 1=
bitwise AND &
bitwise XOR "
bitwise OR |
Aoywoé AND &&
Aoywko OR Il
1edeotng ouvOnkng? ?:
arAn avabeon =
roAAaAao1aopog Kat avabeon * =
Glaipeon kat avabeon =
UIOAO1To Kat avabeorn) %=
aBpotopa kat avabeor) +=
Slapopd kat avabeon -=
HETATOION ap1loTePA Pe avabeon <<=
petatoruorn 6e€1d pe avabeon >>=
bitwise AND pe avaBeon &=

bitwise XOR pe avabeon) =
bitwise OR pe avdfeorn |=

tedeotng KOppa ,

[Mivakag 2.4: Lxeukeég nipotepalotnieg (kata @bivouoa oet-
pa) kanowwv tedeotv. Tedeotég oty 161a S¢on tou Ilivaka
£€yxouv 161a rpotepalota.

4 Ta v npotepatdta tou (?: ) évavrt tou (=) deite ) §3.1.2.

23
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/I Correct value
doubl e mean2 = static_cast<doubl e>(sum) / N;

H oUvtadn tou st ati c_cast eivat:

st ati c_cast <newtype>(variable);
Ye nadaiotepoug KOS1Keg Propeite va Seite 1€T101Eg PETATPOTIEG PE Tr) oUVIAgT)
(newtype) variable 1) newtype(variable)

Kalo eivat va pn xpnotpomnoteite autég TG HophES.

Mia dAAn mepimieon mou Xpeladetal pnir| PETATPoI] 0 OUYKEKPIPIEVO TUTIO
eppavidetal kata v kAnon overloaded ouvdptnong, otav n ermioyn g Ka-
tdAAnAng vdoroinong Sev eivat povoorpav. II.X. n ouvaptnon g TEPAY®VI-
Kng pidag, std::sqrt() aro 1o <cmath> &éxetal 6plopa tonovu f | oat, doubl e,
| ong doubl e aAAd oxti nt pe amotédeopa va xpetddetatl petatport) otav {nrovpe
mv pida aképatou. 'Onwg Sa doupe oto §4.6, n petarporr) mou Kavel o compiler
oupd®va e toug Kavoveg tg CH dev eival povoonpavn, omnote MpEretl va yivet
PNTA A6 TOV IPOYPAPHATION |

#i ncl ude <cmath>
int
main() {

int p=8;

doubl e riza = std::sqrt(p);
/I Error, ambiguous

doubl e r = std::sqrt( stati c_cast <doubl e>(p));
/I Correct. Calls sqrt(double).

‘Eva xapakmplotko g CH eival ot pia evioAr] avadeong 1) pia eVioAr) ouy-
Kp1long €xel 1 161a KAmota tipr) mou propet va avateBel oe KAmola moootta 1 va
HETEXEL O AOY1KEG OUVONKEG, TT.X.

int a
int b;

b=a=3;
/IFirst a = 3; then b = 3;

bool cond;
cond = b < 5;

/I First check b < 5; true. Then cond = true.

2.7.1 '‘AAAot teAeoTéQ
TeAeotng sizeof

O tedeotr|g si zeof Héxetal wg oplopa pia oooTNTa 1) £va TUTIO KAl EMOTPEPEL
10 11£ye06g Toug ot bytes.® Xto napaxdate mapadetypa divovral ot Tporol KAfong

8EZ opiop00, 10 byte eivat 1o péyeBog evog char .



2.7. APIOMHTIKOT TEAEXTEX 25

10U tedeoty) Si zeof :
int a;

std::cout << si zeof (i nt);
/I parentheses are necessary

std::cout << si zeof (a);
std::cout << si zeof a;

[Tpooédte Ot 0 tedeotrig akoAoubeitatl amod 1o Gvopa ToU TUIOU 1) NG 00O TAG
oe tapevOeoelg. Ot tapevOEoelg PITopouv va Tapaleinoviatl av to oplopa eivat to
ovopa rmoodtntag.

H 6pdion tou si zeof oe mivaka (array) ermotpédet 1o pé€yebog oe bytes 0AOKAnN-
pou tou mivaka, 6nAadn), to mAnbog v otoixeimv et 1o peyebog evog otoixeiou.
'Et01, 010V apakdate Kodika

doubl e a[13];
int k = sizeof(a) / sizeof (a[0]); /I k == 13

6povtag katdAAnAa tov tedeotr) urtodoyidetatl To MAH00G TV OTOLXEI®V TOU TTivakd.

O tedeotng si zeof umoloyidetal Katd ) PETAYADTIION KAl TO ATIOTEAEOUd
tou dewpeitatl otabepr] MOCOTNTA" UIOPEL, EMOPEVOG, VA XPNOIOIOEiTal 0mou
Xpewadetatl t€roa.

O eruotpedopevog amo 1o Si zeof tumog eivat o std::size_t , évag anpoon-
pog aképatlog tumog nou opidetat oto <cstddef> . IToodtnteg 1€tolou TUIIOU £ivatl
Blaitepa katdAAnAeg yla Staotdoelg rvdkov Kabng kat og deikteg yia va mpo-
oreAaUvVoUlIE Ta OTo1XEld TOUG.

TeAeotig Koppa (,)

AU0 1) IEPIO0OTEPES ERPPACELG PUITOPOUV va draxwpilovrat pe tov tedeotr) (,). O
UTIOAOY1010G TOUG Yiveral armd aplotepd mpog ta de§id kat n Tyr g OUVOALKLG
érppaong eivat n tpn g Sedotepng.

TeAsotég bit

Yridpxouv TeAe0TEG TTOU AVIIPETOITICOUV Ta opiopatd toug g ouvolo bits oe
oelpd, dnAadrn og akodoubieg ard O 11 1. H Spdon toug edéyyxel 11 Sétel v
Tun tou Kkabe bit xeplota. Ta opilopatd toug eival petaBAntég pe tuno akepaiou
(short int,int,long int, bool, char) xat enum si gned 1 unsi gned. Ot
tedeotég ntapouotialovrat otov ITivaxka 2.5.

O tedeot|g ~ Spiviag o€ €va akEPAlo, EMOTPEPEL VEO AKEPALO £XOVIAG HETA-
tpewet ta O tou apyikou os 1 kat avtiotpoda.

Ot tedeotég <<, >> petatorti{ouv ta bits tou apiotepoy toug opiopatog Katd
160eg 9toeg 0oeg opilet 1o 6edi Toug Optlopa. Ta erurdéov bits xavovrat. O tedeotr|g
<< yepidel 1ig Keveg Heoeig pe 0 eve 0 >> KAvel T0 1610 av 1o aplotepd oplopa eivat
unsi gned.

Ot tedeotég &, ~, | ermotpépouv aképato pe bit pattern mou mpoxkurtel av
extedeotetl 1o AND, XOR, OR avtiotoixa ota {euyn bit tov opiopdatev toug.



26 KE®AANAIO 2. TYIIOI KAl TEAEXTEX

TeAeotng ‘Ovopa Xpnon
~ bitwise NOT ~expr
<< HETatormon aplotepd exprl << expr2
>> petatoruon 6e§1a exprl >> expr2
& bitwise AND exprl & expr2
- bitwise XOR exprl ~ expr2
| bitwise OR exprl | expr2
<<= petatormorn aplotepd pe avabeon | exprl <<= expr2
>>= petatoruon §e81d pe avdbeon exprl >>= expr2
&= bitwise AND pe avdadeon) expri&=expr2
"= bitwise XOR pe avabeon exprl "= expr2
|= bitwise OR pe avdbeon exprl |= expr2

IMivakag 2.5: TeAeotég bit tng C+.

H arnobrjkeuon bit oe aképaloug Kat 1 XPHorn TEAECTOV Y1d TO XEIPIOPO TOUG
etvat onpavukn otav 9€doupe va kataypdayoupe tnyv katdaotaon (true/false, o-
n/off, ...) evog mAnOoug avukepévav. H CH £xel e1oayayet v kAdor bitset<>
Kat v e&e1dikevon g KAaong std::vector<> yla bool 1mou §1eukoAUvouv 1oAU
auToO TO OKOITO, KAl BéBata eival mpoTipoTePES.

H mpodavng evaddaxtiky] AUor evog rivaka pe rmoodtnteg turou bool , na-
POAO TIOU €ivat o eUXPNOTL), KAVEL TTOAU PeydAn oratdAn pvipung Kadog yia v
anoBrkeuon evog bit deopevet toudayiotov €va byte, (§2.2.4).

2.8 Xwpog Ovopatwv (namespace)

‘Eva onpavuko mpoBAnpa rmou cuvavioUpe otav dédoupe va ocuvbudooupe
KOSIKEG ypappévoug aro S1apopeTikoug MPOYPAPHATIOES (1) aKkopa Kat aro Tov
1610) gppavidetal otav o1 KOdIKeG XPNOI0IT00UV 10 1610 dvopa yla ouvaptroelg
11 KaBoAwkég petaBAntég. I1.x. pmopei va ypdwoupe pia ouvdptnon mou va e-
mAvEL éva YPAPIKO OUOTNHIA €510M0E®V HE TO TIOAU QUOIKO ovopda solve, opwg
otav apyotepa 9eAfjooupe va eMeKTEivOUPE ) oUAAOYT ouvaptroewv pag s Sa
HITOPECOUNE VA XPNOIOOI|O0UPE aUTO TO OVOpd Yld Tr) ouvdptnon eriduong
€VOG OUOTNHATOS S1aPopIK®V 61000V eve Sa Atav eriong @uowko. H C+ ulo-
motel Ty €vvola Tou namespace (XoPou OVORdI®V) yid va AVIIHEIRITOTEL autr) 1)
Katdotaon. H yxpnon tou eivat amdn: o kodikag

nanespace onoma {

9étet ) petaBAntr) a (kat oroleg aideg dndwoeig petaBAntov, otabepav, ouvap-
TN0OEWV, KATL. TIEPIEXET) OTO Nanespace pe ovopa onoma. I'a va €xoupe npooBaon
0€ autr og KOOG1IKaA Petd ) S1)Aworn Tou hanespace mPETel va XPr o100 )COUHE
1O TANPEG OVOUA TNG: ONoOMa::a . XT0 £0MTEPIKO TOU CUYKEKPIIEVOU hanespace
ITOU OP10TNKE XPNOIHOI0I0UE ArAd 1o 6vopd g (a). Me autdv Tov Tpo1o aro-
(PeUYOUPE 1] CUYKPOUOT] OVOPAT®OV arto §1apopeTikoug Kadikeg. T'evikotepa, eivat
KaAod va nepikAeioupe og KataAAnAa ovopaopévo hanespace 0Ao tov KOdika 1ou
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Tapouotddel KAola AOY1KI) OUVOXT).

To 6vopa tou nanespace axkoloubBel toug kavéveg ovopatrodooiag tng C+
(82.1.2).

'‘OAgg o1 TIooOTNTEg TOU Ttapexovial aro v Standard Library (STL) opidov-
tat oto nanespace std . Autodg eivat o Aoyog mou ota ovopata tev cin , cout ,
complex xpnotporolovpe to npoBepa std:: . Av xpeltaoteil va KaAéooupe TTOA-
AéG QOpPEG O€ €va PIKPO THAPA KOS1KA, OUVAPTNOELS Ao £€va Nanespace I.y. 1o
std , propoupe va Swooupe v evioAr usi ng nanespace std; oto block rou
mepKAgiel Tov KOOIKA pag. Ao 1o onpeio g SAmwong PEXP1 T0 TEAOG TOU CUYKE-
Kptpévou block propovpe va napaleinouvpe to std:: . I1.x.

#i ncl ude <iostream>
#i ncl ude <complex>

/I "std::" needed here
t ypedef std::complex< doubl e> complex;

i nt
main() {
usi ng nanespace std,;

/I "std::" not needed here
complex a(2.0,3.0);
complex< doubl e> b(1.0);

/I In the following cout "std::" is not needed
cout << a;

cout << \n’;

cout << b;

cout << \n’;

return O;

}

EvadAaktikd (kat KaAutepa), PIopoUHE va OPlOOUIE OUYKEKPIIEVO AVIIKEIPEVO
yla to ortoio Sev eival anapaitnto to évopa tou hanespace pe eVioAr oav Kl autr) :

usi ng std::cout;

Xprjopog emiong eivatl Kat 0 avovupog X®pog ovopdtev: nanespace {...}
Ot 1oooTEg TToU opidovial oe autdv xprnotponolovviat art eubeiag pe 1o ovopd
T0UG POVO OTo apxeio rou opidetatl o avovupog hanespace. Aev priopouv va
Xpnotportotn0ouv o AAA0 apXeio Kal, EMTOPEVEG, VA “OUYKPOUOTOUV” 1€ TTOCOTTEG
OpPlOPEVES eKEL.

H ouvapmon main() &ev smtpérnetal va avrkel oe Kavéva dAAo nanespace
€KTOG aro 1o global.

2.9 Poég (streams)

‘Exoupe et p€xptl twpa 1g 6U0 poEg yapakmjpov (streams) mou PIopoupie
va xprnotporotjooupe yia €icodo (std::icin ) kat €§06o (std::cout ) moocotrtev.
Erurméov, uniapyouv kat 6Uo dAda streams, ta std::cerr katstd::clog , rou -
tvat ouvdebepéva pe to standard error tou ripoypdppatog pag. Xpnotpornotouviat
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yla va petadépouv mAnpodopia rmou Sev £Xel 0XE0T HE TA KAVOVIKA anoteAéopata
TOU IIPOYPAPHATOG, OIS IT.X. MTPOEBOIO0elg MPOg T0 Xprotn. AladpEpouv oto
0Tl TO TPATO TUTIWVEL TNV MANPOPOPia IMoU Tou €xel otalel apéowg, omote eivat
KatdAAndo 1.X. yia ernelyouoeg 18010 0€1G 1) EMONPAVOELS AaBav, v 1o Selte-
PO TUTIWVEL OIIOTE OUYKEVIPOOEL OUYKEKPIEVO MANO0G XAPAKTIP®V, OTOTE £ivatl
KAtdAAndo r.y. ylua minpogopia OXETKY He T YeVIKY €§€Adn tou kodika. Ta
napandve streams opidovtat oto header <iostream>

2.9.1 Poég Apxeiav

Ext0g 10V nipokaboplopévev streams propoupie va opiooupe streams ouvoe-
6epéva pe apyeia. Zto header <fstream> opidovrat ot turot std::ifstream Kat
std::ofstream . H 6nAwon

std::ifstream inpstr(“filename");

dnpoupyel éva stream pdvo yia avayveon, pe ovopa inpstr, ou ouvdéetal pe
10 apxeio pe ovopa "filename". Tlpopavmg, T0 apxelo TMPEIMEL va TPOUIAP)EL.
Avtiotoixa, pe v eVioAn

std::ofstream outstr("filename");

dnpoupyeital éva stream uovo ya gyypagrn, pe ovopa outstr, mou ouvdéetat pe
10 apxeio pe ovopa "filename". Av to apyeio auto dev untapyet, Sa dnpioupynOei.
H evtoAr

std::ofstream outstr("filename"”, std::ios_base::app);

ouvdéel oto apyxeto "filename" to stream pe 6vopa outstr £tol ®ote va yiverat
eyypaon oto téjog tou.

H xpnon toug eivat ann : ot petaBAntég inpstr, outstr (ta ovopata tov ornoiov
etvat, BeBaimg, g £TAOYTG TOU MIPOYPAPIATION)) UItoKad1otouy ta std::cin Kat
std::cout rou eibape péxpt wpa. 'Etot, otov koddika

doubl e a = 10.0;
outstr << a;
char c;

inpstr >> c;

] EKTUTI®OT NG PETaBANTrg a yivetat oto apyeio pe 1o omoio ouvdéetal 1o outstr

£VR 1 AvAyveOoT) TOU XapaKinpd ¢ yivetatl anod 1o aviiototyo apyeio tou inpstr.
To xAeiowio v apyxeiov yivetal avtdpata poAg 1 por Tou K@OS1Ka QUYEL Arto

mv epBéAdela oty oroia opiotmkav. Xin ondvia mepintoon mou xpetadetal va

KAgioel éva stream str (.. yia va ouvdeBel oe aAdo apyeio) péoa otnv epBédeia

0plopoU Tou, propel va kKAnOet n katdAAnAn ouvaptnon-péiog: str.close();

To stream str ouvdéetatl Sava pe apyeio pe v evioAn str.open(“filename");

2.9.2 Poég Strings

Ba avagpepbHouie Twpa oe PoEg (streams) ouvbedepiéveg e OE1PEG XAPAKTP®V,
AOY® NG XPNOHOTNTAG TOUG O OUYKEKPIPEVT epappoyt]. Kabog dev €xoupe ava-
@épetl yua C+ strings, Sa 11g eptypayoupe mepIANIKA.
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Me ) oupnepiAnyrn tou header <sstream> oto mpoypappd pag, mapEXov-
tat ot KAdoeig std::istringstream kat std::ostringstream . H extunwon oe
avtikeipevo turou ostringstream dnpoupyet éva C+ string pe ouvéveon tov
EKTUTIOUPEVQOV TTOCOTHTOV. Me autd To PNnXaviopo Propouile va PETATPEYPOULE a-
p1OpoUg oe string, evovovidg toug pe Xapaktpes. O mapakdate Kodikag dnpoup-
vet éva C++ string oto oroilo anoBnkevet i ospa xapaxktpev "filename_3.dat":

#i ncl ude <sstream>

i nt
main() {
std::ostringstream 0s;

0s << "filename_";
0s << 3;
0s << ".dat"; /I os contains the string "filename_3.dat"

}

H eSayoyn tou string yivetat kadoviag ) ouvaptnon str() , pélog g KAdong
ostringstream

std::cout << os.str(); /I prints: filename_3.dat

Ba doUpEe MapaKAT® 0Tt 1] petatport) tou C+ string oe C string yivetat kaAovrag
) ouvdptnon-pédog c_str() . Emopéveg, yia va avoi§oupe éva apyeio pe 6vo-
pa “filename_3.dat” , r.x. yia €5060, xpnoworoimviag to ostringstream os ,
S6ivoupe Vv MapaKAT® EVIOAN:

std::ofstream outstr(os.str().c_str());

Avukeipevo turou std:istringstream Xpnowporoteitat yia to “6iaBaopa”
TGOV aro 1o string P 1o ortoio ouvdéetal orwg akplBng Sa yivotav anod apyeio:

#i ncl ude <sstream>

i nt
main() {
std::istringstream is("5 _6.7_a";
int ijk;
is >> i; Il'i =5
is >> j; II'j=6
is >> k; Ik =7
char ch;
is >> ch; /I ch ="a
}

2.9.3 Eico060g-£§060¢g 6cdopivav

H exktinoorn v depedindov Tunev, Kadong Kat 00ev TUN®OV IApEXovial dro
wmv STL, o por] (stream) ouvdebepévn pe ta standard output, standard error,
pe apxeto ) pe string  , yivetat pe tov tedeotr) <<:
std::cout << 'a’;
std::cerr << "Wrong _value _of _b";
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H eioodog 6edopévav amo to std::cin 1) and apxeto yiveratr pe tov tedeotr) >>,
KAt At ave§dptnta amnod tov TUIo TV 6e60EVOV :

doubl e a;
int b;

std::.cin >> a;
std:;.cin >> b;

Kevoi xapaktrpeg (kat aAdayég ypappov) oty eicodo ayvoouviat.
'Eva Xapakinplotiko TV teAeotv <<, >> gival 0Tt Propoupe va ouvbudooupe
€10060 11 £5060 TIOAAGV ebopévav tautoxpova. 'Etot r.x. 0o Kodikag

std::cout << "To _athroisma _toy "
std::cout << a;

std::cout << " _kai _toy '
std::cout << b;
std::cout << " _einai: "

std::cout << a+b;
std::cout << \n’;

prnopet va ypagtet iw0oduvapa

std::cout << "To _athroisma _toy " << a
<< " _kai _toy " << b;

std::cout << " _einai: " << atb << \nj

H extuniwon otnv 000vn 1) o apyxeio plag moootntag turou bool mapouoiadet
v S1attepdTa va ) PETATPEIEL MPOTA O AKEPALO KAl PETA VA TNV TUM®VEL
'Etot 1 evioAn)

std::cout << (3==2);

tunovel 0. Av ermBupoupe va tunwoet t rue 1 f al se, npénet mpota va “oteidouvpe”
otnv €§060 1o manipulator std::boolalpha ou opietat oto header <ios> :

std::cout << std::boolalpha << (3==2);

H petatporu) oe aképato eravépyetat adpou “turtwooupie” 1o std::noboolalpha

To “6iaBaopa” anod 1o MANKTIPOAOY10 1] artod apyeio, piag rocdtntag tuou bool
ylvetat povo pe g aképaleg TpEG.

H ermmuyia eKtUNoOng 1 avayveong aro KArolo stream eléyyetat amo v
“‘mun)” tou stream: av eivatl f al se tote ) eyypadn 1 n avayveorn £Xel ArtOTUXEL.

Ao g 1adopeg ouvaptroeig-PEAN TV streams Xproieg eivat

n get() ., n oroia eMMOTPEPEL TOV EMOEVO XAPAKINPA ATTO ) PO E10080U 1)
EOF av gtdooupe oto tédog tou apxeiou (omote n ouvaptnon-pedog eof()
yivetat t rue). AidBaopa Kat aroppypn pag Ypappng oty porn e100dou is
propel eropéveg va yivel pe tov kodka (6eg §3.2.1)

whil e (is.get() != "\n’);

ot seekg()/seekp() (yia pogg €10080u/e§0bou avtiotolxa), e Tig oroieg
PETAKIVOUPAOoTE 08 CUYKEKPIPEVO onpeio g porg. I1.x. n petakivnon otnv
apxr) g porg 10080u is yivetat pe v eviodn is.seekg(0);
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2.9.4 AlQpOPPOOELG

'Exoupe 1n6n de1 o manipulators mou mapéxet n C+, toug boolalpha  xat
noboolalpha , mou kaBopidouv ) PoPPn] EKTUNIOONG IOCOTNTI®V £VOG OUYKEKPL-
pévou tunou, tou tunou bool . Xto header <ios> undpyouv emiong ot

(no)skipws: (6ev) ayvoouviat ot KEvol XapaKIrpeG OV AvAyVOOT).
(no)showpos: (6ev) Tun@wvetal 1o rpoonpo + oe YeTIKoUg apOpPoug.
(no)showpoint: (6ev) turtevovtat 0 oto 1€dog evdg dekadikou apibpouv.
scientific: o1 mpaypatxoi tuniovovtat pe t popery d.ddddddDdd
fixed: o1 mpaypauxoi tunidvoviat pe tm poper dddd.dd
left/right: mpoxkalel apiotepr)/6e§1d otoixion oV eKTUNIOON.

Yto header <iomanip> undpyouv eriong

o setprecision() oU @G oplopa dexetal v akpiBeta (to mMANOog tov
oNPAvVUK®OV Yneiev) pe v oroia 9¢Aouie va TUnOVOVIAl Ot IPAyHATIKOL
apBpoi. H posrmideypévn upr eivat 6.

o setw() TOU WG Oplopa SExetal to eAdx1oto ANO0g TV YE0E®V OTO 011010
Ya wnwebel (1) 9a daBaotel) n eropevn noodtnta. H mposrudeypévn tpr
eivat 0.

o setfill() OU ®G Oplopa 8EXETAl TOV Xapakinpa pe tov oroio da ye-
pioouv ot kevég 9éoeig av 1o setw()  Oploe TEPLOCOTEPES ATIO TNV akpiBela.
O mpoerudeypévog xapaktrpag etvato’ .

‘OAot o1t manipulators avrijkouv oto nanespace std .
IMapadeypa:

#i ncl ude <ios>
#i ncl ude <iomanip>
#i ncl ude <iostream>

i nt
main() {
doubl e b = 3.25;

std:;cout << b << '\n’
std::cout << std::showpoint << b << '\n’;
std::cout << std::noshowpoint; /I reset

doubl e a = 256.123456789987;

std::cout << "default\t"
<< a << \nj

std::cout << "scientific\t" << std::scientific
<< a << \n;
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std:;cout << "fixed\t" << std::fixed
<< a << \n}

std::cout << "with .9 _digits\t"
<< std::setprecision(9)

<< a << \n}

return O;

2.10 Aoknosig

1.

Tpayte, petayAeotriote KAl eKTeAé0te T0UG KOSIKEG TOV Tapadetypdtov. 'O-
oot Sev arotedouv mAnpen mnpoypappata CH oupPmAnpwote TOUG OOTE va
yivouv.

ITola aro ta MapaKAT® £ival éyKupa ovopatd ocottev ot C+ ;

(a) const

() john’s

(v) y+z12

(&) 1stclass

(e) xyz123

(F) George

(¢) ThisIsALongOne
(n) To_onoma_mou
(9) two-way

(V) proto

(1) _posotita

. 'Eva npoypappa C+ propet va 6taBaocet tipég anod to stream

std::cin
std::cout
std::cerr

std::clog

. M ypappr) kodika otn C+ eivatl oxoAto av apxidet pe

Il
{

#

. Tt AdOn untapyouv otlg akoAoubeg GNADOEG;



2.10. AXKHXEI® 33

int a=2b=23 ¢c=4
double x =y = 5;

bool equal = b = 3;

int d="d;

int e ="¢e"

6. Tlowa eivat ta opla 1V akepaiov apBpav oto 81k6 oag compiler; ITowa eivat
Ta Opla KAt 1 akpiBela 1OV PAyHIaATKOV;

7. Tlolo eivatl 1o anotéAeopd ToU MAPAKAT® IIPOYPAPIAtog oto §1k6 oag com-
piler; ITowo Sa avapévate va eivat;

#include <iostream>
#include <limits>

i nt

main() {
int a = std:numeric_limits< i nt>:min() - 10;
int b = std:numeric_limits< i nt>:max() + 10;
std::cout << a << " Lol << b << \ny
return O;

}

8. I'payte dnAooelg otabep®dv MOCOTTOV KATAAANAOU TUITOU KAl TIUNG yid va
apactr)ocouV
(a) Tn otaBepd tou Euler.
() To mAnbog v nuepmv g e66opadag.
(y) Ta ovopata 1@V pnvev 10U £10UG.
(8) Tov mAnBuouod tou Toxkio.
(€) Tov mAnBuopo ng I'ng.
9. Yroloyiote 60eg amod TG MAPAKAT® eKPpdoelg g CH  elval owotég Kat
egnynote ylati ot urtodotreg eivat AdBog:
37/(5 *2)
37/5/2
37(5/2)
37%(5%2)
(€) 37%5%2
(r) 37-5-2
@ (37-5)2

10. YrmoAoyiote Tig ApAKATe® eKPPAoelg 6tav m = 24 katn = 8:

(@) m-8-n
(B) m==n-3
(y) m%n
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11.

12.

13.

14.

15.

16.

17.
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(6) mo%n++
() m%++n
(F) ++m=n--
(€ m=n=3
() m+=n-=2
©) mr=++n

(1) m+=-- v==p1--
YroAoyiote 11§ TIHEG TOV MAPAKAT® EKPPACEDV

(@ (50 -5 * 4) /10 -7

B) 12+ -5 = 2+6/3

)1 +2+3+4+5+1 2=+ 3/4 x5
6 3>7

€ B>71 @<09

(rF) 135 == 100 + 35

(@ (true && false) || ( true || false)
@ @ >7) |l (10 < 9) == (3 == 8))

(9) false || (3 > 7)

(1) 3'=6

(@) 6/4 «5=6%*5/4

Extipafiote 10 arnotéAeopa Kat Tov TUTO ToU 0TIl MAPAKAT® EKPPACELIS

@ 7 /2
(B) 7.0f / 2

v) (7 1 2) == (701 2)

(&) (6 * 3)/80)/ (36 -7 * B)

Ipayte téooepig S1apopetikeég eviodeg tng CH 1ie 1§ OIToileg PEIDVETAl KATd
1 pia petaBAnt) n.

Tpayte pia ékppaon rou adatpel 1o abpoiopa v petaBAntov a, b amno wmyv
€ KAl KATOrmy augavet tmy a.

Tt kAvouv o1 eEKPPACELS

(@) ++x+=+at++-+b++
(B) ++x-=-a+b++

(v) x--a--b--

Tt oupBaivel Otav XPnolPooljooupe petaBAntr) rou dev tng £xel 600t Tur);
AOK11A0TE VA TUTIQOETE [ld TETOld.

Fpdyte exppdoeig g C+ yia Tov UTOAOY10H0 TOV MAPAKAT® ITOCOTNTOV

(@) To gpBadodv kUkAouU pe draperpo d.
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(B) H mepipépera KUKAOU pe aktiva r.
(y) O dyxkog xkuAivopou pe diapetpo d kat vyog h.
(6) To pnkog g umoteivouoag ¢ 0pPBOYDVIOU IPLYOVOU OUVAPTIOEL TRV

HPNKeV a,b 1oV dAA@V MAEUp®V.

18. AnAoote pe mapevOéoelg ) Oelpd EKTEAEONG TOV TMPASEDV OTIS MTAPAKAT®
EKPPACELS:
(a) a==bl|la==c&&c<5
(B) c=x!=0
(y) O<=i<6
(6) a=b==c++
() ax=b?cd *2
19. Tpeig aképatot apiBpoi a, b, ¢ rou Kavoroovv ) oxéon a + b? = ¢ aro-
tedouv pia ITuBayopeta tprada. Amno 6Uo tuyaioug akepaioug M, N pe M > N,
HITOPOUHE va apdayoupe pia tétowa tptada oxnpatidoviag toug apOpoug

m? — n?, 2mn, NP + n?. Tpayte éva npoypappa CH mou va 6waBadel 6uo
AKePAIOUG Kal va TUmeVvel tv avtiototxn ITubayopeia tpidda.



36

KE®AANAIO 2. TYIIOI KAl TEAEXTEX



Ke¢padawo 3

EvtoAég EAsyxou-Bpoyot

3.1 EvtoAég EAéyxou

3.1.1 if

H evioAn i f etvatl pia and ug faoikég dopég draxkAadwong kabs yAwooag mpo-
ypappatiopou. EAéyxet i por) tou kodika avadoya pe ) (Aoyikn) Tr) piiag ouv-
9nkng, 6nAadr piag moodTag 1 EKPPaAong Aoyikou turnou. Xt C+ ocuvtdooetat
og £81g:

i f (condition) {
. /I block A
} else {
/I block B
}

Edv n ouvOrkn (condition) sivat aAnBng r) propet va petatparnel oe aAnbr, exte-
Aeitat 1o block tv evioAav mou mepirAeictal petadu v patev {} (block A). Av n
ouvOnkn eivat Peudng, tote extedeitat 1o block twv eviod@v petd 1o el se (block
B).

To xdaBe block propet va aroteAeital and kappia, pia, 1) IEPIOCOTEPESG EVIOAEG.
TNV NMePUm®on 1ou neptAapBavet pia povo eVvioAr) propouv va rapaingbouv ta
aykiotpa ({}) mou v nepikAeiovv. I1.x.

if (val > max)

max = val;

el se {
max = 1000.0;
+4+i;

}

Ty nepirmwor mou 1o el se block eival kevo propet va napaAngBel 0AOKANPo:

i f (condition) {

}

To xdBe block propet va meptdapBavetl orolecdrjnote dAAeg eviodég kat BéBaia
aldo i f. Znpewwote ot n Sopny i f (condition) {...} else {...} Sewpeitar
pia eviodn). IMapatnpnote ot 1 otoixion v eviodwv oe kabe block unodniovet

37
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ot Bpiokovial oto “eonTeEPKO” piag (oUvOetng) eVvioAr)g. Aegv eival UTIOXPEDTIKY)
aAAd 51eUKOAUVEL TOV TIPOYPAPHATION) OTNV KATAVON0n TOU KOO1KA.
v niepintoon evog eonrAsidopevou i f, 9¢let 18iaitepn poooxn) to ernopevo
el se tou kwdwka. To kdOe el se Taplddet pe 10 APEo®S TPONYOUREVO TOoU i f
oto 1610 block. Emopéveg, o mapakdto KOdikag KAvel KAt diadpopetko art 6,1
unodnAwvel ) otoixion:
if (i ==0)
if (val > max)
max = val;
el se
j = 10;
Iy mpaypaukotta, 1 evtodn j = 10; extedeitat otav 1o i eivat O kat dev 1oxvUet
1o (val > max ) kat 6xt otav dev woxvet 10 (i == 0 ). Ze T€T01EG MEPUTIWVOEIS 1)
XP1)01 TV ayKioTp®V PIopel va ermBdAAet tv 1poOeot) T0U TPOYyPAPATION :
if (i==0) {
if (val > max)
max = val;

}

el se
j = 10;

3.1.2 ?:

O tedeotnig (?:) elval évag 8waitepa adedopévog 16iwpatiopog g C+. H
€VIOAT)
i f (condition)
val = valuel;

el se
val = value2;

ooduvapet pe
val = (condition ? valuel : value2);
Fevikotepa, 1 EKPpaon
(condition ? ékppaonA : éxkppaonB)

€xel TNV Tun “erppaocnA” otav n ouvOnkn condition eivat aAnBng, eve £xet v
Tpn “éxppaonB” otav n ouvlnkn eivat Peudr|g.

Ot mapevBeoetg rou mepBadouv tov tedeoty) (?: ) pe ta opiopatd Tou Oto oUy-
KeKp1pévo rapdderypa Sev eival anapaitmteg, fonbouv Opwg oty KAtavonor) tou
KOSka. Kabwg yla 10 ouyKeKp1EVo Tedeotr) O£V UTOpEL va KadoploTel LOVOONUay-
7a 1 TIPOTEPALOTNTA TOU OE OXEOT] HE TOV (=) MPETEL va TG XPNOHOIO0VUHE Yia va
extedeital i ermudiwkopevn npadn. Evallaxkuxkd, priopoupe va epappodoupie tov
e&ng kavova: Ot tedeotég (?: ) kat (=) éxouv i61a mpotepatotnta, dexdpevot ot ot
mPAadelg ekteAouval aro ta 8e§1d mpog ta apilotepd. Emopévag, n ékppaon

a=b?c:d
ooduvapet pe

a=(Mb?c:d
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EVR 1 EKPPAOT
a?b:c=d
eKTeAeital g

a?b:(c=4d

3.1.3 switch

H 8ourn swi t ch amoteAel pia mo kopwrn Kat katavontr) ekdoxr] rmoAAarmiov
e0wKAe1Opevev 1 dadoyikav i f . H ouvtadn g eivat:

switch (i) {
case valuel:

case value2:

case valueN:

defaul t:

}

H tpr) eAéyyou i mpéret va eivat axépatov tunou (char , i nt, (short int,long int)
pe ug si gned kat unsi gned mapadAayég toug) 11 enum Auty) ) Tar propet va
MPOEPXETAL Ao PeTaBAnTn) TET010U TUITOU 1) va €ivat n Tiir ouvAaptnong rmou &-
TOTPEPEL TETOL0 TUTIO 1] KATowa PetaBAntr) 1) ouvAaptnon TUMoU IoU JIopel va
petatparnet art eubelag oe aképatlo Turo.

Ot tipég valuel, value?2,. . . ,valueN mpémnet va sivat otaBepég arEpalou TUIIoU
) enumxkat Stakpitég petadu toug (va pnv eravaiapbdavovial).

Kata myv ektédeon, n tipn €Aéyxou i ouykpivetal pe kabe pia ano g valuel,
value2,. .. valueN. Av n tur g nepllapBavetal o Autég, TOTe eKteAouvial ot
€VIOAEG TTIOU akoAoUOOUV T0 avtiotoixo case. H ektéfleon ovveyilel Ue TG EVTOAES
0V emdusvov case r/kai tou def aul t av énetai, éwg Otou Siakomel ue br eak (1
aifleg evtoflée aidayng mg por¢ m.x. got o, return, t hrow). Metd to break n
EKTEAEOT OUVEYIEL PE TNV IP®TI EVIOAI PETA TO KATAANKIIKO AYKLIOTPO TG dourng
swi tch. Av dev Bpebei n tipn ng oug valuel, value2,. . . ,valueN extedeital 1o
block twv evioAdwv tou def aul t, av urtdpxet. AAAMOG, 1 ektéAeon ouveyilel peta
10 } Tou swi t ch.

O1 oxetikeg 9éoeig tov case kat tou def aul t prmopouv va eivat onoteodrnmote.

IMapadeypa:

‘Eote o011 9édoupe va ypdyoupe kKoadika rmou va “6iaBaler” SUo npaypatikoug
apOpoug Kat éva Xapaktpd KAt va eKTteAel v mpddn petady tov aplfpov mou
UTIOONAGVEL 0 OUYKEKPIIEVOG XapaKtrpag. Autog Sa eivat évag aro toug '+, -, #,
'/’. Onooodrriote dAAog bev eivatl arodektog Kat 9a rpokralel Ty eKTUNOOT] £VOG
PNvUpatog mou 9a evNIEPOVEL TOV XPHoTr Yia to AdBog tou kat da Sraxortetat n
EKTEAEOT] TOU TIPOYPAPHATog. MIopoUie va YPAWOUE TO €516

#i ncl ude <iostream>
i nt
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main() {
doubl e a, b, res;
char c;

std::.cin >> a >> b;
std::cin >> c;

switch (c) {
case '+
res = a + b;
br eak;
case -
res = a - b;
br eak;
case ' *’
res = a * b;
br eak;
case I
res = a/ b;
br eak;
defaul t:
std::cerr << "wrong _Character\n";
return -1;

}

std::cout << "the Jresult  _is " << res << \n’;

—

3.1.4 goto

Y& pla eVvioAr] oto oopa plag ouvdptnong propet va 6o0el karola eukeEta
(label). To 6vopa g (rt.X. labelname ) oxnpuatietatl pe toug 1610Ug KAvOveg TTIOU
10XU0UV yld Td ovopatd TV petaBAntov.

labelname : statement;
Ao dAAn 9éon oto ocopa g diag ouvdaptnong UIOPOUHE vd OUVEXICOUME TV
EKTEAEOT) PE AUTHV TV EVIOAL M€ 1) Xpnon g got o:

got o labelname;

Me 10 got 0 Hev erurpénetal va “vrneprindriooupe” Evav oplopd PetaBAntig Ka-
Swg 6e 9a propet va xpnotporioinOet ) CUYKeEKPIIEVT PeTaBAntr) oto onpeio tou
KOd1ka rou Sa petaBoupie.

H xprion g got 0 mpénet va anogpevyetat. H CH mapéxel g kataAAnleg
€VTIOAEG €A€yXOU Kal ertavaAnmukeég Sopég (§3.2) kabiotwvag v got 0 meptrr).
Movadiky| repirntoon mou eivat poTpotepn Ao TG eVvaAAAKTIKEG AUOELG, epda-
videtat otav ermbupoupe £5060 arod moAdartdoug Bpoxoug, o évag péoa otov AAlo.
Axopun kat tote, 1 “petaxivnon” pe v got 0 rmpog PonyouHEVOo ONPElo TOU K@O1-
Ka MPETEL va arnodevyetat.

3.1.5 assert()

Mia 18i6turnn ouvaptnon eAéyxou rapéxetat otn CH pe ) ouprepiAnyn tou
header <cassert> - mpokettat yla ) macro ouvaptnon assert() . H xkArfon g
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yivetat wg e€ng:

assert(integer_number);
Av o integer_number  eivat O, 1 eKTEAEOT) TOU TIPOYPAPPATOS S1aKOIIETAl, EKTOG
edv £xel oplotet otov mpoeresepyaotr) 1o ovopa NDEBUGtpwv ) oupriepiAnwn tou
header. 'Otav dakorel 1o pdypappa, TUTIOVETAL TO APXEI0 KAl 1 YPAPHL otnv
ortoia PBpioketatl n KAnon g assert()  kabwg Kat to 6plopd ng.

ZuvnBwg, n assert()  kaleitat katd ) dadikaocia tou debugging, pe 6plopa
Kdmnowa Aoyikn ouvOnkn n omnoia petatpénetatl oe O av eivat f al se (ovugeva pe
TOUG YVOOTOUG Kavoveg, §2.2.1), mpokadwviag diaxorr) g ektédeong. 'Etot m.y.
av o kodikag reptdapBavel tnv evioArn assert(N<10); , 1o pdypappa otapatd
av 6ev woxvetl 1o (N<10) . H napandve oupnepidpopd dev eppavidetat av €xet Sobet
npog tov mnpoere§epyaotr| 1 evioAr #def i ne NDEBUG) 606si avtiotoixn evioAr
KATd T PETayADTToN.

H ouykekpipévn ouvdptnon kaldeitatl yopic 1o podepa std::  (ev avriket oto
X®po ovoudtev std).

3.2 Bpoxot

3.2.1 while

H 6opn whi | e eivat n mo amdr) vdornoinon Ppoxou, SnAadr) enavaAnukng
d1adikaociag. Tuvtacostal og e§NG:

whi | e (condition) {
}

Katda v ektédeon g dopng whi | e:
1. EAéyxetal n ouvOnkn condition

Av eivatl yeudng, n por) ouvexidel pe v mP® €VIoAr petd ) dopn.

Av eivat aAnbr|g ektedeitat to block evioAdv petadu tov aykiotpev {}.

2. Av extedéotnke 1o block Xwpig addayn porng (ue break, return, goto,
throw, ...), emavadapBavetal to Prpa 1 (Aeyxog tng ouvlrkng). H -
) g ouvOnKng propel va £xet petaBAnBei oto pornyoupevo Prjpa.
3.2.2 do while

H doprydo whi | e eivat pia mapaddayn tou whi | e (§3.2.1) ounv ortoia to oopa
tou Bpodxou ektedeital touddyiotov pia opd. H ouvtan tng sivat:

do {
} whil e (condition);
Katd v ektédeon g doung do whi l e:
1. Ekteleitat to block eviodmwv petady tov aykiotpev {}.

2. Av dev urpge addayr) porjg (pe br eak, ret urn, got o, t hr ow,. . .), eAéyxetat
n ouvlnkn condition
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Av eivat weudng, n por| ouveyidel pe v POt eVIOAN petd ) dopn.

Av eivat aAnbng enavadapBavetat 1o Pripa 1 (extédeon tou block).

3.2.3 for

ZT1§ TIEPLO0OTEPES YADOOEG TIPOYPAPPATIONOU ol avtiotolxeg pe ) dopn f or
XPNOHOIIo0UVIal otV UAOIoinon PpoxXmv Pe K TV IIPOTEPRDV YVOOTO TO AT 00g
1wV ertavadnyeov. St CH 1o f or elvat oAy mo yevikd. H ouvian tou eivar:

for (initial_statement ; condition ; final_statement) {

}
H 8opr) f or extedeitatl og e8ng:

1. Exteleital n apyikr) evioAr initial_statement . AuTtr) 1) eVtoAr) propet va
etvat kat 6nAwon petabAntrg (1) akOopa Kat oUVOAO EVIOADV XOPLOPEVOV e
tov tedeot) koppa (,), §2.7.1).

2. EAéyxetat n ouvOnkn condition

Av eivatl weudng, n porn ouveyidel pe v PO €VIOAL petd ) doprn
for.

Av givat aAnrg, ektedeitat 1o block evioAov petady twv aykiotpev {}.
Av &ev untdpget addayr) g por|g oto block (pe break, return, goto,
t hr ow,. ..) exteAeitat to final_statement

3. Av sxtedéoke 10 block xwpig aAldayn pong, enavadlapBavetat 1o Prpa 2
(EAeyxog tng ouvOnkng). H tur tng ouvOnkng prmopet va €xel petabinOet
OTO IPONYOoUEVO Brpa.

'Eva 1) neplioodtepa aro ta initial_statement, condition, final_statement propet
va Aeiret. Av Aeirtet n ouvOnkn (condition) o1 éAeyyol tng otnv ektédeor tou f or
Yewpouviatl aAnbeig.

[Tpooétte 61 av to initial_statement reptdapBavet drdwon petaBAnng, n ep-
BéAeta autng neplopidetat otn dopur) f or, péxpt, SnAadn, 10 KATAANKUKO }.

Mapadewypa:
H avdBeon ota 10 mpota ototkeia tou mivaka a tov tpev 0, 10, 20, . .. 90 prnopei
va yivet og egng:

for (stdusize_t i = 0; i < 10; ++i)

afil =i =*10;
H petaBAntr i §ev priopet va xpnoponowmnBel petd 1o Ppodxo. Av sivat erubupntod
KAt této1o, 1 6fjAwon std::size_t i; mpETEeL va yivel rpwv to f or :
std::size_t i;
for (i = 0; i < 10; ++i)
afil =i *10;

/Il here i is 10
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3.2.4 continue

H evtoAr) cont i nue prmopei va gpgavi¢etat povo oto copa Bpoxou f or, whi | e,
do whi | e. H extédeon] g PETAPEPEL T POT) TOU IIPOYPAPHATOS OT0 KATAANKIIKO
AYK10TPO ToU Bp0OX0u, aro O1ou ouveXilel n eKtéAeon) Tou.

3.2.5 break

H evtoAn br eak propet va epgavidetat p1ovo oto oopa Bpoxou whi | e, do whi | e,
for, 1 eviodr|g eAéyyou swi t ch. H exktédeon) tng rpokalei 5060 ard ) repike-
touoa dopr, petapEpoviag I PO1 OV APECKOS ETTOLIEVT] EVIOAT ATIO AUTY).

3.3 Tevirég Ilapatnpnocetg

Kd6e block propet va aroteAeitat arno kappia, pia, 1) meEPLOoOTEPEG EVIOAEG.
TV epUm®on 1ou neptdapBavet pia povo evioAr) propouv va rapaingbouv ta
aykiotpa ({}) mou v nepikAeiouv.

H ouvOrkn ota i f xat whi | e propet va eivat tautdxpova kat dnAworn peta-
BANTAGS pe apxikn Tpn (1 otabeprg rmoodtnTag) apket 1 TN G VA PETATPETETAL
oe Aoyikr) tar). H epBéderd g niepropidetat ot dopr).

Mapadeypa:
if (int j =3) max = 10 + j;

H 6nAwon tou j €xet epBeAeia povo ot dopn i f. H tpn tng ouvOnkng eivat pn
pndevikn (3) apa etvattr ue.

3.4 Aornosig

1. (a) og ektedeitat 1o
for (i) {
}

(B) Tpayte kdd1ka rou va wwoduvapel pe 1o f or ypnowporoidviag ) dopr)
whi | e. Mropeite va to kavete pe 1o do whi | e;

2. Tpayte 10 mapakdt® npdypappda:

#i ncl ude <iostream>

int
main() {
int j=3;
if (=4
std::cout << "] Js << <<\
std::cout << "Should _hot _print _this!!\n";
}
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Tt xavet; 'Exet AdBog; MetayAottiote 1o kat ektedéote 1o. Mropeite va §n-
ynoete 1 oupBaivet;

3. Tpayte kdd1keg C+ rou va uroAoyidouv
10 & epappodloviag tn oxEon

n=0

3|><

10 SiN X epappodlovrag ) oxon

( 1)kX2k+l
Snx = 21 k+ D

10 COSX epappoloviag T OXEON

( 1)kX2k
COSX = Z (2k)| .

I'a ) SteukoAuvor| oag rapatnprote 0t o Kabe 6pog ota abpoiopata mpo-
KUITTEL Ao 10V ap€ong PO YOUHEVO av autog moAAarndaotaotel pe KatdA-
AnAn noootnta.

4. Tpayte kOS1Ka OV va tunwvet 8 tuyaioug apibpovg. H cuvaptnon rand()
oto <cstdlib> Kaloupevr Xwpig oplopa ermotpedetl éva yeudotuyaio a-
Képato apBpo aro 0 éwg kat RAND_MAX TIéco eivat n ripokaBopilopévn
otaBepry RAND_MAXoto 61kd oag compiler; Bpeite 11 kavel i ouvdaptnon
srand() .!

5. (a) Anuoupyrote éva apyeio pe 1000 tuxaioug akepaiovug oto Sidotpa
[-20,20]. Xpnoworoteiote avaloyo kKOS1Ka Pe TOV apakate (rpo-
oradnote va tov kataldaBete!)

int r=-20.0 + 41.0 * (std:irand() / (RAND_MAX+1.0));

(B) Tpawte éva ipdypappa C+ mou va §1aBadet T0 apyeio KAl va TUTIOVEL
otnv 0006vn 1oooug JeTkoUg, apvnIKoug Katl iooug pe to 0 apibpoug
TEPLEXEL.

6. T'payte poypappa CH mou

(@) va urodoyidetl 10 mapayoviko (n!) evog akepaiou.

(B) va tundver toug N mpdtoug dpoug g akoloubiag Fibonacci?

fn+2) = f(n+1)+f(n), n>0  f(0)=0f1)=1

() va Bpiloket 1o péyioto Koo diaipétn dUo akepai®v aplOpGv.

Loe ouothnata UNIX 1 eviodr) man srand Sa oag Bon6roet.

2http:/ /www.research.att.com/projects/OEIS?Anum=A000045



3.4. AXKHXEI® 45

(6) va emBeBaikvel 10 OePNUA TOV TEC0AP®OV TEPAayvey Tou Lagrange®:
KaBe YetkOg axkepalog propel va ypadet wg abpolopa tecodpev (1)
AlyOTEP®V) TETPAYOVROV AKeEPAi®V aplOpov.

7. Tpayte poypappa C+ rou

(@) va edéyxel av évag aképalog apiOpog eivatl mpaTog.

(B) va tunovel 6Aoug Toug rP®TOUg aptBpoug péxpt évav aképato N. (“kéoki-
vo tou Epatoobévn”: Siaypdgoviat ta nmoAdarddoa wv 2,3,5,. . . ).

(y) va Bpiokel ig 1p1adeg 61adox 1K@V P®I®V aplOpev rou SiapEpouv Katd
g8, 6nAadn o1 p,p+6,p+12 va eivat Sadoyikoi mpdTol apdpoi, Kat va
TUM@VEL TO PIKPOTEPO.

8. Tpayte kOSka oU va {Ntd aro 1o XProtn IPelg MPAYHATIKOUS apldpoug

a, b, ¢ kat va wunewvel pe 12 onpavuka ynoia g pideg tou mMoAu®vUHoU
ax? + bx + ¢. Xpnoworoteiote TOUG TUITOUG

-b+ Vb? - 4ac

2a ’
Kat tov aAyeBpika 1006Uvapo (aAAd uroAoyilotikd mo akpibr) ya pia aro
g pideg 6tav b? > 4ac)

X2 =

2c
Xl,2 -————— .
-bF Vb?-4ac
H ouvapnon mg tepayeovikhg pidag ot C+ eival n std:sqrt() oto

<cmath> . Aoxkipdote tov yia §iapopeg tp1adeg apbpmv. AdBete uroyn v
ePiton Iov £xete pyadika anotedéopata. Tporono)ote Tov mapardave
KOS1KA wote va daBddel aro apyeio.

9. Anpoupyriote éva mivaka M X N otov oroio K tuyaia erudeypéva otoyeia
etvat 1 kat ta vrodourta sivat 0.

(@) Tunwote oty 006vn (Gokpdote pe M = 20, N = 60) tov mivaka autév
Katd oepég, Padoviag X' yia ta pn pndevika otoixeia Kat'o’  yia ta
uroAoua.

(B) Turnwote tov ot apyeio pe KatdAndn .ppbm pe Vv €§ng dapodpPpwon
(doxkmpaote pe M = N = 512):

N PO YPAPn tou apxeiou va ypdaget: P1.
n Sevtepn) va ypdoet tig daotdoesig: MAATOG VYOG,
va akolouBouv ot EeXwPlotég oelpeg ot yapaxtrpeg ‘1 1) ‘0" avu-
MPOOKITEVOVIAG TA OTOLXEla TOU Tivaka katd ypauues (jin pndevi-
KA Kat pundevika avtiototxa).
H Swapoppwon autr) arotedei €va apyeio tunou plain pbm (portable
bitmap) rmou priopoupie va 1o SoUpe Pe IIPOYPAPHATA ATTEIKOVIONG.

10. Tpdayte kHS1KA 10U va vAoroiel tov roAAarmiactacpd §U0 YEVIKOV ITIVAK®DV
A (M x N) xat B (N x P).

11. Tpayte éva npoypappa C+ 10 oroio va ermAuvel éva ouotnpa YPappIKoOV
eS1000ewv AX = B e 11 1180060 anadoiprg tou Gauss (Gauss elimination®).

3http://mathworld.wolfram.com/LagrangesFour-SquareTheorem.html
4 http://www.research.att.com/projects/OEIS?Anum=A047948
5http: //mathworld.wolfram.com/GaussianElimination.html
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12.

13.

14.
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To 8161dotato terpaywviko mivaka A kat to Siavuopa B va ta 61a8aet and
apxeio.

Tpayte éva ipdypappa C+ 1o omoio va urodoyidel Katl va TUITOVEL TOV av-
TOTPOPO £VOG TETPAY®VIKOU Tiivaka A pe ) pébodo analoipng towv Gauss-
Jordan (Gauss-Jordan elimination®).

(@) Tpawte kwdika mou va turnwvel o apxeio 30 woaréyouosg tpeg g
pabnpatkng ouvaptong f(X) = X(X2 + 5sin(x)) oto didotpa [-5: 5.
H ouvdapinon tou nuutovou ot C+ givat i) std::sin() oto <cmath> .

() Tpdawte mpdypappia C+ 1o oroio va 1aBdadet To apXeio mou MPOKUITTEL
Kat va urodoyiet 1o odoxArpopa mg f(X) oto didompa [-5 : 5] pe
KataAAnAn epappoyn)

ToU Kavova tparnediou: yla 6uo Sadoyikd onpeia X, X2 10xUel

X2 1
f f(X)dx ~ zéx(fl + o) .

X1

ToU Kavova Simpson: yua tpia oaneyxovia Siadoyikd onpeia X,
X2, X3 10)UEeL

s 1
f f(X)dXz §6X(f1+4f2+ f3) .
X:

1

tou Kavova Boole: yia mévie woan€yovia dtadoyika onpeia X, X,
X3, X4, X5 10XUEL

X5
f f(X)dx =~ %6x(7f1 + 32f, + 12f3 + 32f4 + 715) .
X:

1

tou kavova Durand: yia N woanéyxovia dadoyika onpeia X, Xo,
., Xn 1oxUel

*n 2 11 11 2
j); f(X)dx ~ 6x(§f1+Efz+ fa+---+ fn—2+Efn—l+§fn) .

T1oug mapandave trnoug fi = f(X) xkat 6X n andotaon twv onueiov
ava 8vo. Zuykpivete ta anotedéopata pe v akpér) tpr [10sin(5) —
50c0s(5)]. AAAd&Ete to AR0og tev onueiov kat deite g petabadetal
n axkpiBela.

Spline Fit. 'Eote éva ouvolo n onueiav (X, Yi). Ava §uo onpeia nepvoupe
noAuwvupa tpitou Babpou kat kataokeuadoupe ouvoAlkd 2(n-1) e§lomoeig
yla toug ouviedeotég toug. ErumAéov, {ntoupe ot mpoteg Kat Sevtepeg ma-
pAymyol ota onpeia “enapng” twv moAuevupev va sivat id1eg (GAAeg 2(n-2)
e€lo00e1g). Av 11 KAPUIUAn elval avotytr) arnattovpe ot SeUtepeg MAapAy®yot
ota dxpa va givat 0 (2 e§1000oe1g), evod av eival KAe1otr| {NToupe va UIAP)EL
ouveyela oto “akpo”, dnA. o1 mpoteg Katl deutepeg mapaywmyot va eivat ioeg (2
elomoetg). ZUVvoAka €xoupe 4n-4 £§1000e1g yia 10apibpoug ayvootoug. Me
TV emAUOT) TOU CUCTNATOS YVPIiloupe MANP®S Pd TIPOCEYYIOTIKY] OUVEXT)
KAPITUAD 1ou repva ano ta dedopéva onpeia.

6http: / /mathworld.wolfram.com/Gauss-JordanElimination.html
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(a) Na ypayete pdypappa mou va KAvel Ipooyylon pe spline pag ayvoe-
otng ouvaptnong rou divetal g oUVoAo onpeimv Kat va urtoAoyidet tnv
TIUn )G O OIO108NTIOTE EVO1APIECO ONPEio.

(B) Tpororor)ote 10V KOSIKA (OOTE va UITOAOYIlEl TIPOOEYYIOTIKA TO OAO-
KANp@PA NG AyvRotng ouvAaptnong.

(y) Tpororou)ote 1ov KOd1KA OOTE va UTIOAOY1Lel TIPOOEYYIOTIKA TNV OO
Tapdy®yo NG AyveOoTNng OUVAPTNONG O OTO108ATIOTE EVO1APIECO OnpE-
fo.

15. Tpayte éva npdypappa CH mou va vdonotel 1o Game of Life” tou Dr. J.
Conway. AUTO IIPOCOHOIRVEL TNV eGEAE {wVTavav opyaviopov Bactidopevo
0€ OUYKEKPIHEVOUG KAVOVEG:

e éva mAéypa M X N, kd6e tetpdymvo €xel OKT® mpwtoug yeitoveg (Atyote-
poug av Bpioketal ota akpa). ToroOetovpe oe tuxaieg 9¢oeig K opyaviopo-
Ug. Ze kGOe Bripa g e§€Agng (véa yevid):

(a) 'Eva kevo tetpayevo pe akplBag tpets “daviavoug” yeitoveg yivetat “¢ov-
tavo” (yévvnon).

(B) Eva “¢eviavo” tetpayevo pe dUo 1) tpelg “¢oviavoug” yeitoveg rapa-
pévet {ovtavo (embiwon).

(y) Ze kdbe AAAn mepimi®on éva TeEpAy®vo yivetal 1] Tapapével Kevo (“rie-
aivel” 1) mapapévetl “vekpo” (aro urepriAnOuopo 1 povadida .

H “anobrjkeuon” tng enopevng yeviag yivetat apou oAokAnpmOei o urtodo-
Y1006 NG yla 0Ad Ta Tetpdyeva.

Na tunovete myv KAbe yevid oe apyeia tunou plain pbm (deite v dokn-
on 96) wote va prnopeite va tig Seite 0Aeg padi Stadoyika.

AOK1J140TE VA TOTTOOETHOETE APXIKA TOUG OPYAVIOHOUG OX1 Ot tuXaieg Yéoelg
aAdd oe pia 9éon kate kat pia 9éon nave anod 1g Svo daywvioug, KUpa
rat Seutepevouoa (6nAadr|, o TE00EPIS OUYKEKPTIEVES YPANMES).

7http: //www.math.com/students/wonders/life/life.html
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Kepaiawo 4

ZUVapTI|OeLg

4.1 Ewayoyn

Yta mponyoupeva Kepdddia €XOoUV IAPOUOClAotel KAMOlEG aAro TS PaOiKEg
eVIOAEG-Oopég g CH, APKETEG MOTE va UIMOPOUNE VA YPAWOUHE OXETIKA IT0-
Avrloxkoug kOdikeg. H ouykévipwor, opweg, 6Aou tou KOdKa o pia ocuvaptn-
on, ) main() , kablotd SUOKOAN TNV KATAVONON TOU Kdl, KUpieg, 1 810p0won
Aabwv. Xxedov mavia o kOSIKAG arotedeital amo tpnpata nov, o peydlo Bab-
1o, eivatl ave§aptnta petady toug. Autd PITopouv va aropovebouv e autdvopeg
ouVvapTroelg, va arotedouyv, dnAadr), opddeg eVIOAQV e CUYKEKPIPIEVO Ovopd, Ol
ortoieg 9a kadouvial OTIOU KAl 00eg POPEG Xpetadetatl arod ) main() 1) aAdeg ou-
VaptHoelg, XPNOHOMoIOVIag Hovo autd 1o ovopd. AUTEG ot opadeg eviodwv Sa
TIAPAPETPOITIO0UVIAL OUVHO®G ard pia 1) EPIO0OTEPES TIOOOTNTES, TA 0PIoUAIa g
ouVvApPTINo1NG.

H opydveon tou mpoypdppatdg pag oe ouvaptroelg eival éva npwto Prjpa
OtV ArmAoIoinon ToU KOSIKA KAl PaAG EIMITPEIIEL VA ETNKEVIPOVOILIAOTE O OUYKE-
KPHEveg, KAtd To duvatov ardég, epyaocieg katd v avarruén 1 610pOwor tou
nipoypdppatog. ‘Etot m.x., évag aAdyopibpog propetl va vdornowBei, va S10pbw-
Oetl kat va BeAtiotoroinBei autdvoua, ave§dptnta and tov Unddoro KOdika Kat,
EMOPEV®MG, VA PITOPEL va Xprotpornoleitat anod epag 1) AAAoug os S1apopeTika po-
ypdppata. Amo ) ouypr] rou 9a undpgel anopovoon tou KOS1Ka og autdvoun
OUVAPTN O, 1] XPIOT TOU ArmAOIIoleital onuavikd Kabwg pag aracyoAet povo to
OG TOV KAAOUPE KAl TL 0piopata MPETMEL va “MepAcoupe” otn ouvaptnon Kat o1
10 TI010UG aKP1B®G UTIOAOY10110UG eKTEAEL.

H opydavoorn tou kodika oe Sedopéva kat oe dradikaoieg rou emdpouv oe avtd
nieptypagetal g dounuevog (structured) 1) drabucaotikdg (procedural) ipoypap-
Patiopog Kat arotedel éva amo ta Poviéda Ipoypapiatiopou Iou Urootnpidet )
Cr+,

[Tpotou rapouctdooupe AEMTTOPEPELESG Y1a T CUVTAST KAl XPI01) OUVAPTIOERV,
9a dovpe dvo xapakinplotkd g C+ mou Bpiokouv 18laitepn epappoyr) otoug
0ploj10Ug TOUG.

49
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4.2 Ava¢gopa

H avagopad (reference) eivat éva evadAlakuko ovopa yla pia rmocotntd. Av,
Y., €xet dndwbel pia aképata petaBAntr) pe to ovoua a

int a;
1o1e propet va 600et €éva 10oduvapo ovopa (rt.x. r) pe 1o a ot petabAntr) avt):
int &r = a;

H avagopd r dev anoteflel véa petabinty’ avuIpooIieVel v i6ta mooodtnta pe
10 a. H 6nAwon piag avagopdg yivetat pe tov turo g rmoootntag oty ornoia
avageépetat, akoAoubouievo amno to cupBolo & Eivatl anapaimnto va yivet apyikn
(kat povun) ovvéeotr| G Pe TNV MOOOTNTA OtV oroia avagépetatl (kat 1 omnoia,
BeBaiwg, mpémet va €xel SnAwbel o mprv). Ermutdéov, and ) oty mou yivet o
0pP1O010G NG avadopdg Sev propoupe va aAAdagoupe tov TUIO 1) T petaBAntr) pe
Vv oroia oxetidetat.

Y10 ouykekppévo rapdadetypa, oroladnrote adlayr) g TPNG TOU a epda-
videtal autopata Kat oto I KAl T0 aviiotpopo:

int a;

int &r = a

a = 3; II'r =3
r =2 /I a =2

int b =a II'b =2
int ¢ = r-; I/ c=2 a=1

int d;
int & r = d; // Error

Zpewwote 0Tt av pia PetaBAntr| £xel 0plotel @G CONSt , TIPETEL KAl O1 AvVAPOPES OE
autn va opidovrat avtiotoxa:

int const a = 5;
int & rl = a; [/l Error.

int const & r2 = a;
/I Correct. Value of a cannot change through r2.

Av 1 dnAwor tou rl frav anodektr), Sa propovoape va PetaBAAoupe )V T ToU
a, plag moodtntag const , péow tou rl.

H xpnon plag avagopdg, €KT0§ TOU OPlOHOU OUVAPTNOE®V, Yivetal ouvhowg
yla va “ouvtopevoel” ovopata mooot)tov, rmou otn C+ propet va eivat 8aitepa
peydAa, Xxepig va yivetat oplopog veéag petaBAntig kat, mbavov xpovoBopa, av-
uypagn g apxikng. IMapadeiypatog xapwv, idape ot oto <limits>  opiletat
n noootta std::numeric_limits< doubl e>::digits10 . 'Eva o evypnoto
ovopa yla autr) opidetal KAl Xprotooleital 0T0 apaKat® poypappd:

#include <limits>
#include <iostream>
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i nt
main() {
int const & digits = std::numeric_limits< doubl e>::digits10;

std::cout << digits << \n’;

}

Ag 8oupe pia Atyo drapopetikr) ouvtadn tng avapopdg, 1dlaitepa Xpromn Katd
Vv KAfon ouvaptoenv. Mriopet va optotel avadopd oe aplduntikn otabepd:

doubl e const & r = 4.0;

Mia tétola 6nAworn 1o0oduvapiet pie Tov 0plopo Plag IPoo®PVHG otabepng rmooot-
TAG PE apX1KY T TV apOunTiky otabepd’ KAtomy, n avadopd opiletat oe oxéon
HE aut) v roodtnta.

H xpnion avagop®v yla ta opiopata Kat v eMOTPEPOPEVE] T A0 oUvap-
moelg Sa mapouolaotel MAPaAKAT®.

4.3 Acsiring

Ot petaBAntég rou opidovial os €va npdypappd, Oneg eival yveootod, anobnke-
vovtat yua to didotnpa mg “¢ong” toug os katdAAnieg Séoeig pvrung. O apOpog
g 9¢ong otV oroia Bpioketat pia petaBAnt, 1 Sievduvon e dnhadr, e§ayetat
pe m Spdorn tou tedeotn (&) ot petaBAnt). Autog o apibuog propel va avatedet
oe éva deiktn oe Tumo 1610 (1) 100&Uvapo) pe tov Turo g petabAnmg. H dnieon
tou deikin yivetatl pe ) popon

nog * évopa_deikn;
'Eto1l av €xoupie tov oplopo
int a=3;

n roodtnta &a ivat n 9éon Pvrung otnv oroia PPioKetal n a* oplopog evog Seikn
0€ AKEPAL0, PE OVOUA P, KAl PE TAUTOXPOVE avabeon TIIAG YIVETAl PE TV EVIOAT)

int x p = &a;

H nipoortédaon tng petaBAntrg rou Ppioketal ot 9€on pvung p ermtuyxdve-
tatl pe ) 6pdon tou tedeotr) (¥) oto Seikin p. LUVENKOG, HPE TOUG MTAPAITIAVE OPL-
opoug, o *p amotedel éva adAdo ovopa yila t) petaBAnty) mou opiotnke pe ovopa
a’ 1 moootnta auty) puropei va xpnowpornoinOei 1) adAdaget eite pe 1o 6vopa *p eite
pe to a. IL.x.

doubl e r

= 5.0;
double * q =

&r;

*q = 3.0; /I r becomes 3.0

‘Evag 6eiktng prnopetl va avateBei oe dAdo deiktn idov tUmou 1) oe Seikin o€
voi d:

int a= 4

int = p;

p = &a

int x q=p;

1Avdbeon oe VOI d * 8ev errpénetan yia Seiktn os ouvaptnon 1y oe pédog KAAoNG.
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HevioAnpint * q = p; opiel 10 q wg deikn og i nt kat Tou &ivel apXIKn T
1o p. ITA¢ov, q kat p Seixvouv Vv 161a 9¢on pvung kat, RéBata, *q kat *p eivat n
161a petabAnty (n a).

H tedeutaia evioAn amo Tig ApaKaT®

int a=5;
int * p= &a
void = t = p;

opidel éva deiktn oe voi d katl tou anodidel wg Tpr t p, €va deiktn oe i nt, 1,
1o0oduvapa, ) Sievbuvon tou akepaiou a. H 6paon tou tedeotn) (*) oto p pag Sivel
nipooBaon otr petaBAntr) a* aviibeta, n Spdon tou (*) oto t dev emigpeneral. Nevika,
évag deiktng oe voi d mpérnel mpwta va petatparet pe st at i ¢_cast <> otov apyiko
TUTIO (TTOU O TIPOYPAPHATIOTNG TIPETIEL va YVOPIdel) Katl PeTtd va XpnotporoinOet
yla ripooBaon Kat XEPLopo g IoootTag otV oroia “deiyvel”. ZUpdwva jie Toug
apandve oplopous, XPEadetal va ypayoue

int » v = static_cast<intx>(t);

yla va doooupe oto a v tur 4.

[Tpooédte ot évag beiking mou dev tou anodobei apyikn tpn—eite adAog de-
iktng eite Sievbuvon—=Hdeiyxvel oe Tuxaia eploxr) pvrung. H 6pdon tou (*) dev eivat
AdBog aAld 9a dwoet pia tuyaia tipr katdAAndou turnou. Av ripoortabrjooupie va
ypawoupe otv tuxata 9¢on pvhung 9a mpoxkadécoupe AdBog Katd Vv eKteéAe-
O TOU MPOYPAPATOS av 1 ouykekpuevn 9éon 6ev €xel 609¢el and 10 Aitoupyuo
ovotua oto mpoypauud pag. Av €xet 800ei, Sa ypdypoupe ndve ot (Gpa Sa kata-
otpéyouiie) AAAn “Gikr) pag” petaBAntr) xwpic va Byst Aadog.

Ye éva orolodrrnote Seiktn propei va yiver anodoon g upng 0. To 0 dev
arotedel ap1Opo 9éong Pvhung Kat, emopéveg, n avabeorn autr) urodnAwvetl o6t
o deiking &g Belyvel oe kavéva avikeipevo. Xe tétolo beikin (null pointer) n
O6paon tou (*) bev srurpénietat (mpokaldei AdOog katd v exktédeon addd ox1 Kata
) PETayA®TUon Tou mpoypdappatog). H ouykpion evog dyveotou Oeixktn (..
optlopa ouvaptnong) pe to 0 (1 n petatportr) tou oe Adoykn tpr), §2.2.1) npénet va
ponyeitat orolacdnote anonelpag npooredaong mg 9€ong Pvhung otnv oroia
Jewpoupe ot Seixvet. [Ipooedte 6t oe autd to onueio unapyet pia Baoikn Stapopd
e v avadopd : évag Seiktng PIopet va i ouvOEETal PIE KAVEVA AVIIKEIPEVO eV,
avtifeta, pia avagopd eivat ortwodrnote ouvdedepévn) pe KAnowa oot td.

Ag d1eukpivicoupe ed® éva Aerto onpeio ot dndwoeig dektodv. [Ipooéte tig
napakat® d6ndooetg (SieukoAuvetal 1) Katavonor) toug av d1aBaotouv arnod 1o 1€Aog
MG YPARHIS IIPOG NV apxr):

int a;
int » pl = &a;
int const * p2 = &a;

int = const p3 = &a;
int const * const p4 = &a;

O p1 eivat Seiktng oe aképato.

O p2 eivat beiking oe otabepd aképaio. AuUto onpaivel ot Sev propet va
xpnoworonBel yia va aAddet tpn ot petaBAn) *p2.



4.3. AEIKTHZ 53

O p3 eivat otaBepog deiking oe aképalo. Autd onpaivel Ot PIopet va Xpnot-
poronOet yia va adAddet tipn ot petaBAntn *p3 aAdd mpéret urnoxpemtkd
va TApel apX1Kn TP Kat 8ev Priopetl va anoxktrjost dAAn katd ) Siapkela
g {wng tou.

O p4 sivat otaBepodg Seiking oe otabepo aképato. Aesv propei va ardadet
oUTe 1 APX1KY] TP ToU oUte va PetaBAnBel péow autou n petaBAnt) otnv
ortoia Seiyvet.

Kat oy nepinmowon v de1ktodv 10xUel 1 IAPATH)P1on ou KAvApe yid TG d-
vagopg: évag deiking yia va deiel oe otabepr) petaBAnu) rnpénet va Snlwedet
KataAAnAa.

Mapadeiypa:
double x = 1.2;

doubl e * const p = &x;
doubl e y = 0.1;

p = &y; [/l error

doubl e const * g = &x;
*q -= 0.2 /I error

int const a = 2;

int = r = &a; /[ error

Av p elvat évag 6elking 0g ITOOOTNTA KATIO0U TUITOU, £ival TPOoPaveg 0Tt OAOL Ot
1eAe0TEG TTOU 1) §PAOT] TOUG £XEL VONA Y1a aUTOV TOV TUTIO EIMITPETETAL VA 5pACOUV
oto *p. Avtibeta, oto Oeikin p PIopouv va §PACOUV OUYKEKPIHIEVOL TEAEOTES.
Ano toug apOpnukoug ot ++,-- (eite mpiv eite petd 1o deiktn) €xouv vonua: €vag
belking oe o T petaxkiveital petd ) dpdon toug kata si zeof (T) peta 1 pwv
mv apxikr tou tyr). Emiong, priopoupe va nmpoobécoupe 1) va apaipEécoupie Eva
aképalo apOpo oto deiktn (r.x. p+2) KAl va petakivnOoupe KAatd 10 aviiotol o
noAAarAdoto tou Si zeof (T) . Ipopavag ripocdeor SelkIm®V dev €Xel vonUd, EVR
avtiBeta, n dwadopa Sewktov idlou turou (povo!) diver 1o MANOog v Séoewv
pvrung mou pecodabet.? O1 poveg MPALelg IOV PIMOPOUHE Va KAVOUE ot Seiktn
oe voi d eivatl ) avaBeorn beiktn 1610U 1] GAAou TUITOU, 1 PNTL| PETATPOIT] 0 AAAO
TUTI0, 0 €AEYX0G Yla 100TNTa KAl avicotnta (pe dAdo voi d *).

H ap®pnukr deiktov eival Xprjotpn oty nepintoon rnou avabécoupe ) die-
ubuvon evog otorxeiou mivaka oe éva Oeiktn. Tote, n petaxkivnon katd IoA-
Aarddola tou peyéBoug Tou TUIOU Hag PETAPEPEL O EMOUEVO 1] ITPONYOUMEVO
oto1xeio Tou rivaka :

i nt a[l10];

int = p = &a[3];

int x q=p+ 2 /I q == &al5]

2eg axépato winou std::ptrdiff_t rou opidetan oto <cstddef>
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MdAlota, av 1oxUet

i nt a[l0];
int » p = &a[0];

10Te 1) ékPpaocn * (p+)  elvatl andAuta 1w0oduvapn pe myv afil]  kat, BéBaia, 1oxvel
oup+i == &afi] . [Ipooédte 6t tirmote dev eprodilel va rPooreAdcOUHE OTOXEIO
ou 8ev aVhKel OTOV ITivaka® autd arotedel éva moAu ocuvnBiopévo Adabog yia
apXAaploug IPOYPAPPATIOTES.

Znpetwote 0Tt To Ovopd evog Tiivaka €Xel Tir), ) 61eubuvon tou IPrTou otot-
xetou tou. Enopévag n ékppaon afi]  eivat andAuta wcoduvapn pe mv * (a+i)
Mapadewypa:

Tt KAvel 0 IAPAKATD KOOIKAG :

doubl e b[10];
double * p = b;

for (int i =0;i < 10; ++i)
*p++ = 1.0;

Avagpépape oto §2.6.2 o n mpoorEdaon evog PEAoUg, 1.X. member, piag
Sdoprg (st ruct) kat, kat ernéxkraor), KAAoNG, I.X. &, YiVElal &g €§1gG:

a.member
LV nepinmwon mou €xoupe deiktn oty kAo, pa, 1 pooriéAaon yivetat [Aap-
Bavoviag uroyn TG OXETKEG TPOTePAOTNTES TV (*) Kat (. ), ITivakag 2.4]

(* pa).member

Tétowa ékppaon Xprnotpornoleitat moAu cuyva oty CH kat yU autd €xel sioaxdet
€181K0g ouPBoA100G, Tedeimg 1006UVaAIOg e TOV TTAPATIAVE

pa->member

4.4 Oplopog Kat KAfjon ouvaptnong

'Eva uipa kewdika rou eivat oe peyddo Babpo ave§aptnto ard to undlourto
npoypappia propet va anotedéoet pia ouvdptnor. To tpnpa avto nepldapBavet
ONAGDOEIG TTOCOTTOV KAl EKTEAECIIEG EVIOAEG KAl UITOPEL va MAPAPETpOITolEital
and kamnoteg otabepeg 1) petaBAntég moootnTeG—Ta opiopata g ouvaptnong, 1,
onwg da dovpe oto §4.7, Ao TUTIOUG TIOCOTNT®YV. Mia ouvaptnon PIopet va pnv
EMMIOTPEPEL TITTOTE 1] va eTNOTPEPEL Pia ArTAn 1) OUVOETH TTOCOTTA. LUVAPTIOELG TTOU
TPETTEL VA EMOTPEPOUV TMEPIOOOTEPES ATTO Pia aveaptnteg tpég, rieptdapbavouv
ot Alota oplopdtev petaBAntég katdAAnAou TUIOU yia va Tig 5ayayouv.

4.4.1 Opopog rat 6ndwon

O 0plop6g P1ag ouvapTnong EXEL TNV AKOAOUON YEVIKI) P10p®1

ETTIOTPEPOEVOG_TUTTIOG
ovopa(turnog_opiopatog_A opilopdA, turnog_opiopatog B opiopaB,. . . )
{
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// Rodikag
}

O erotpedopevog TUrog propetl va eivat voi d° urodnAwvetat €tot ot Sev ermt-
otpépetal tipn. Evaddaxkukad, propest va elvatl onotoodnrote andog 1 ouvOetog
TUIIOG €KTOG Ao Tivakag Kat ouvaptnor (empenetat, opwg, va eivat deiking oe
mivaka 1] ouvaptnon). H Alota opiopdtev prmopet va givat kevr) 1), 10odUvapa, va
rieptéxet ) Aggn voi d. Ta opiopata, av untdpxouv, dev PImopouv va emnavoplotouv
010 0OUA NG OUVAPTNOoNG Kat 1] epBEAEId TOUG eKTEIvETAl WG TO KATAANKTIKO (}).

O1 6nAooelg ot Aiota oplopdiev yivovial on®wg Ol YV®Ooteg SNA®Ooelg 1ooo-
mev e181KaA yla v nepimtoon nou 9€Aoupe va £Xoupe og 0plopa piag ouvap-
mong €vav mivakda, XP1oloIoloUlE VvV akOAoubn popdr) :

TUI0G_ototxeiwv ovopa_rivaka [ |

[Tpoo£dte 0Tl PETtady TV ayKUAGOV £XOUpE Kevo. XV MpAaypatkou)id, o8 pia
tétola SrAwon opiopartog, “riepva” wg oplopa evag Seiktng 0Tto apX1KO TOU OTO1XEl0
tou mivaka. Me dAda Adyla, ot dndwoelg opiopatog i nt af] xatint *a eivat
100duvapeg. Auto £Xe1 @G OUVETTIELA va PNV “riepvd” tautdypova Kat 1) Sidotaon) tou
niivaka orote, av xpelddetat, mpénet va o0ei pe Sexwpioto oplopa. Ot containers
g STL rou 9a dovpe oto Kepadaio 5 6ev €xouv t€toto mpoBAnpa.

Mia ouvdptnon yla va KAnOel mpémet mponyoupéveg va €xet dndwbei, addd
ox1 artapaimta va €xetl optotet. O compiler npérnet va yvepidel to ovopd g, ta
opiopata (turo kat aptOpod Toug) KAl TOV EIMOTPEPOIEVO TUITO MOTE va €AEYTEL AV
yivetat owotd n kAnorn. Ta otoiyeia autd ta AdapBavel ano ) dnAwon g ouvap-
wmong. H 8:Awon 1mou avilotolKel 0Tov mapardve YEVIKO 0plopo eivatl akpiBog 1
1610 aAAd 1o oopa g ouvdaptnong (to tppa petady tov {} oupnepdapbavopévav
autev) €xel avukataotadel aro to (;):

ETOTPEPOEVOG_TUTIOG
ovopa(tunog_opiopatog_A oplopa, tunog_opiopatog B oplopaB,. . . );

Zinv napanave dnAmon PIopouv va rapaAndOouv ta ovopatd 1oV OploPATOV.

[IpooéSte o011 0 0p1oJ0G Piag ouvaptnong Sev propet va yivel oto oopa dAAng
ouvapmong. H 6nAeon g opng ermrpénetal va epdavidetal ornoudnnote pro-
pPOUNE va opiooupe pia petaBAntr). Zuvrwg, ot SNAMOCELS TOV OUVAPTHOE®V TTOU
KaAel éva THNPA KOS1KA CUYKEVIpGOVOVTAL O £va 1) rteplocotepoug headers, apyeia
pe ouvnBn katdAngn .h,2 ta onoia cupneptiapBavovial Katd v mpoenefepyacia
TOU OUYKEKPIPEVOU TUNPATOS Keoka: gpgavidoviat dndadn otv apyn odnyieg
OTIOG 1)

#include "name.h"

ortou name.h to 6vopa tou header, orwg to avtidapBavetatl 1o Ae1TOUPYIKO oUOTH-
pa (ermopéveg, propet va nepltdapBdvetatl kat to path oto d6vopa auto). Ipooedte
ot o1 headers 1ou opidet 0 poypappatiot)g—Kat 1 “puoikn” toug popdn etvat
apxeia—rnepkAeiovrat oe (). Avtibeta, ot headers tou cuotfjiatog—rou dev eivat
Arapattiog apyeia—rmepikAeioviat oe (<>).

Me v oupnepidAnyn v kataAAnAev headers, o compiler yvopilet tov tporo
KATONG T®V OUVAPTIOE®V TTOU Xpetadetal éva tphpa kodika. Ot optopoti, dnAadn

3e€aptdpevn and tov compiler
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1 apdbeon TOU OOPATOS T®V OUVAPTIOE®V, TAPOoUoladovial KAVoVIKA O €va 1)
nieploootepa apyxeia kOdika, oe avriotoryia pe toug headers.

Mapadewypa:

'Eote® ol ouvaptroslg min/max Imou ermotpePouv 10 PIKPOTEPO/PEYAAUTEPO
arnd Yo apdpoug:

min: av 6plopaA < oplopaB emiotpewe 10 OPIOPAA adAlwg ertioTpePe
10 oplopaB
max: av 0plopdA < optlopaB emniotpeye 10 OplopaB aAAog emiotpeype
10 OPIOPaA

IMa Vv KaAUtepr 0pyaveor) ToU Kedika Propoupie va £xoupe oto apyeio utilities.h
g dndooeig toug (.. yla opiopata turou f | oat)

/I utilities.h

/I declarations
fl oat
fmin( float a, float b)

f | oat
fmax( fl oat a, float b);

Kat oto apyxeto utilities.cc toug opiopoug toug

/I utilities.cc
#include "utilities.h" /I Not necessary but good practice

/I definitions
fl oat
fmin( float a, float b) { return a<b ? a : b; }

fl oat
fmax( float a, float b) { return a<b ? b : a; }

H xprjon toug oe éva npdypappa yivetal og eEng:
ouprnieptdapBavoupe to utilities.h otov kOd1ka pag, .X.

#include <iostream>
#include "utilities.h"

i nt
main() {
float a, b;
std::cout << "Give _two _numbers\n®;

std::cin >> a >> b;
std::cout << "Max  _is " << fmax(a,b) << '\n’;
std::cout << "Min Lis " << fmin(a,b) << \n’;

rdavoupe exmplotd compile oto utilities.cc kat oto apxeio rmou mepiéxet
main() pe Vv kataAAnin Stadikaocia yia tov compiler rou xprnotpomnolovpe
Kat
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“eVOVOUPE” Td TEXWPIOTA TUAIATA TOU OUVOAIKOU TIPOYPARHATOS OTO TEAEU-
tato otadio mpv ) Snpoupylia ektedéotpou apyeiou, ot @aon tou linking.

Tédog, €va 1dlaitepa Xprio0 XApaKIPlOTKO €ival MG O Pld OuvAptnon
propet va dnAwbel ot €va 1 meploodtepa (anod 1o té/log), 11 Kat 0Aa ta opiopata
G, aipvouV MPOETNAEYHEVES TIHEG:

int func( double a, double b = 5.0);

H xAnon g func() petd ano t€rowa 6nAeorn propet va yivet eite pe duo opilopata
elte pe €va opopa (rou aviotolyel oto a) omdte 10 b maipvel TV IPOoeTHAEYHEVD
upn, 5.0. Tevikdtepa, ot moodtnieg OU “riepvouv” o pia ouvaptnon Katd v
KAT|01) tng avtiototyidovtat ota opiopata 61adoyika amo v apxy)” av eivat repio-
00TEPEG A0 aUTd, I KANon eivat Aabog eve av dev entapkouv, o compiler avadntd
nipoxkaBoplopéveg TIREG yia ta urnodotrta kat diver Aabog av dev 1ig Bpet.

4.4.2 Emotpoorn
H emotpogrn Tiprg and ) ouvdaptnorn yivetatl Pe )V VIOAL
return upn;

oU propet va epgavidetal pia 1 mePLocoTEPES POPEG OTO OHOIA TG OUVAPTNONG.
ESaipeon arotedel n main() n omoia 8e ypeidletat ret urn: av mapaleinetat
Yewpeitatl ot 600nKe wg tedeutaia ektedéoun ypappn n evioAn return 0; .

Mtua ocuvaptnon nou dev ermotpepet T (dndadr) ermotpéget voi d) propet va
niepldapBavet evioAég r et ur n; (xoplg Tur).

‘Otav 1 por TOU IPOYPARHATOS OUVAVINOEL PECA OE OUVAPTNOL TV €VIOAT)
ret urn, emMOTPEPEL OTO ONUELO TIOU £YIVE 1] KA OT).

Kalo eivat va untdpxet povo éva onpeio e§6dou aro ) ouvdptnorn. Mriopoupe
va XP1OTHOoIIo|oUpe pia PetaBAntr) KatdAAnAou tUIou yia va arnofnkevoupe 1o
ArotéAeoa TNG OUVAPTNONG O€ OTTO108ATOTE onjieio rmapayOei: katomy, propoue
va v “ermotpéPoupe” anod éva onpeio, oto T€A0g TOU 0OPATOG THS OUVAPTHONG.

4.4.3 KAnonq

H xAron piag ouvdptnong yivetat apabetoviag to ovoud g, akoAouboupe-
Vo 0g TapevOEoElg Ao Mooo0TNTeg KATAAANAOU TUIIOU ®MOTE vd AVIIOTOLXOUV otd
opiopatd g (1 va propouv va petatpartouv oe avtd). Ot IToootnTeg aUTEG MPETTEL
podaves va eivatl akplBmg T00eg 00a KAl Td 0piopatd, €KTOg Ao TV MEPint®-
o1 TIOU OTOV OPLoPo 1) T 8nAwon g ouvaptnong Kabopidoviatl mpoermAeypéveg
TIREG Yla KATTOla and autd, OMoTe PIopouv va eivatl Atyotepeg. Av 1) ouvaptnon
ETTIOTPEPEL TIPI), TIPETEL va yivetal avdBeorn o€ moootIa avtiotolou TUIoU av
9¢Adoupe va xpnotponotrjooupie To anotédeopa, adAmg dev eivat arnapaitmto!

Mapadewypa:
#include <iostream>

#include <fstream>

doubl e
func( doubl e a, double b);
/I declaration. The definition is elsewhere.
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int
read( doubl e & a, char const fname[]) { /I definition

}

std::ifstream file(fname);
file >> a;

return 0; // All ok

voi d
print( char c¢) { /I definition

std::cout << ¢ << \n’;

}

int

main() {
doubl e x = 3.2;
double y = 3.4;

}

doubl e z = func(x.y);
/I Calls func with double, double.

int i = 3;

doubl e t = func(x,i);

/I Calls func with double, int.

/I int is promoted to double.

print(’a’); /I calls a void function.
doubl e r;

read(r, "input.dat");
/I calls function and ignores returned value.

ZYNAPTHZEI®

Ot 1ipég v nooottev 1ou divovial Katd v KANorn otn ouvaptnorn Xpnot-

110IIO10UVIAL OG APXIKEG TIHEG VE®V HNETABANTOV TTOU AVIIOTOLXOUV 0Td Opilopatd.
Ornowadnnote xprnon kai adidayn 1®v OploPdI®V 010 OMHA TG OUVAPTNOoNg ava-
(PEPETAL O AUTEG TIS VEEG PETABANTEG KAl OX1 OTIS IOCOTNTEG Ol OIOIEg TEPAcav
Katda Vv KAforn. Ot véeg petaBAntég €xouv xpovo {wng ) diapkela KANong g
ouvdaptong. Ta mapandave £€Xouv g ouvEnela va ypeladetat 161aitepog porog
6NA®ong TV oplopdtev av srmbupovpe va £€xoupe ) duvatdtnta addayng otg
ApX1KEG pag petabAntég. I1.Y.

#include <iostream>

voi d add3( double x) { x+=3.0; }

i nt
main() {

}

double z = 2.0;
add3(z); Iz = ???

std::cout << z << \n’; /Il z is 2.0
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Yt ouvaptnon add3() tou napadetypatog, oroladnrote petaBoAr) oto opt-
opa Ing yivetat oe d1adopetikiy) petabAntr) amno autr) pe v ornoia KANOnke: to
x Snpioupyeital kata v KARon pe apyikn upn auvty nou €xet o z (2.0), yive-
tat 5.0 pe mv evioAr] mou mepiExXeEtal OTto0 0OUA, VO OTO TEAOG NG OUVAPTIONG
rkataotpepetat. To z mapapévet 2.0.

IMa va priopgooupe va e§ayoupe 11§ adldayeg oe KAIO0 Oplopd MPEIEL AUTo va
dndwbel eite wg avagpopad, 1t.X.

voi d add3( double & x) { x+=3.0; }
elte wg beiking, ..
voi d add3( double * x) { =*x+=3.0; }

[Mapatnprjote Vv aAAayr otov TPOITo XP1o1g ToU 0piopatog OT0 OOUd TG ouvdap-
mong. IV Mot IEPUTIOoT), 1 KAfon napapével ) 16ia, add3(z) , povo mou
TOPA TO OploPa X £ival CUVEOVUHO TOU Z* 0TIotadnote aAAayr) otV Ty g epda-
videtat autdépata kat oto z. Iin 8eutepr), 1 KAfon aAAdader ot ouvaptnorn repva
n 6ievduvvon wou z, add3(&z) . To x “Getyvel” mAéov otn petaBAntr) z. AAAayn oto
x 6ev propet va e§ayBei avtibBeta opwg, n PetaBodr) tou *xX rapapével Kat Petd
TV £I0TPOYN TG OUVAPTONG.

To nmapanave onpatvet ot av to dptopa eivat mivakag 1 wooduvapa, deiking
o€ Ttivaka, 6ev pPropouiie va 1o aAAdfoupe” OI®G, TA OTOTKEIA TOU MivaKka PIropouV
va petaBAnBouv.

Kalé eivatl ta opiopata mou priopouv va addaouv tipr oto oopa piag ou-
vaptnong (avagopég kat deikteg, 6nAadr)), aAAd dev erubupouie TV TPOITOIoiNon
toug, va dndwvovtat g const . Il.x.

voi d

print(std::size_t const N, double const af]) {
for (stdisize_t i = 0; i < N; ++i)
std::cout << afi] << \n’;

}

[Mapatmprjote 6t 1o N, oUtwg 11 dAAwg, dev propet va petabAnOei pe v KAnon
G OUYKEKPIPEVNG ouvaptnong. H “neputt)” 6nAdwon tou wg const pag npoota-
TeVEL A0 TV anornelpa alAayng g Tung tou, 1 oroia propet va pag dmoet v
€0QAAPEVE eVIUTIOOT) OTL ] aAAayn da rapapeivel Kat PETA TNV EMOTPOP) ATTO )
ouvaptnon.

Zuvoyilovtag £€XOUlLE TIg AKOAOUDEG TIEPUTIOOELS Yia T S1A®ON OPIoPAT®V, ©OG
pog ) duvatdtnta va e§ayoupie aAAayég oty Tir) Toug:

H tun tou x dev propet va petabAnOet

voi d f( doubl e Xx); /I x cannot change

H tuur) tou X priopet va petaBAnOet

voi d f( doubl e & Xx); /I x can change

H tipn tou x 6ev propet va petaBAndet

voi d f( doubl e const & Xx); /Il x cannot change



60 KE®AANAIO 4. XYNAPTHXEI®Z

H “uyar)” tou deiktn xp Sev propet va petaBAnbet, priopel 6pmg va ardddet
10 *Xp (n Tun oy oroia deiyvet)

voi d f( doubl e * xp); /I xp cannot change, *Xp can change

H “mipn)” tou deiktn xp 6ev propet va petaBAnOet, oute 0p®g tor Xp (1) TP
otnv oroia deiyvel)

voi d f( doubl e const * xp); /I xp cannot change, *Xp cannot change

H “upn” tou mivaxka a ev propet va petaBAnBel, propet opwg va addagouv
1a otoixeia tou

voi d f( doubl e a[]); /I a cannot change, a[i] can change

H “miar)” tou miivaka a 6ev priopet va petaBAnOei, aAAd oute Kat ta otoyeia
ToU

voi d f( doubl e const a[]); /l a cannot change, a[i] cannot change

Avadpopiky (recursive) kAnon

Yt CH ermtpénetal o pia ouvaptnorn va Kalet tov eautd g. BéBawa, aut
1 KAMO1 MPETIEL va YIVETAl UMo KArola ouvOnkr, aAAiog dev 9a srmotpadel mote

upn.

Mapadewypa:
Ag SoUpe OG PITOPOUHE vaA UAOTITIO|OOUE Pld OUVAPTION Yld TO ITAPAYOVIIKO
€vOg arepaiou pe avadpouko (recursive) tpomo: oUPP®VA 1€ TOV OPLOH0,

Ix2x---x(n=1)xn=MN-1'xn, n>0,
nl =
1, n=0.

Enopéveg, o UroAoy1o116g TOU IapayovIlKoU ToU akepaiou N arattei tov unolo-
Y1010 TOU Tapayovilkou evog dAAou axkepaiou (tou N— 1). O oplopdg rou §66nke
MAPATIAVE Y1a TO TIAPAYOVIIKO eKPpdletal oe ouvdaptnon CH wg e§ng

std::size_t

factorial(std::size_t n) {
std::size_t result;

if (n>0)

result = n * factorial(n-1);
if (n ==0)

result = 1;

return result;

}

It ouvdptnon aut €X0UHE ayVOrOel TOUG €AEYXOUG IOU KAVOVIKA TTPETEL va
yivovtat (to n va pnv eivat apvntiko Kat 10 ArotéAeopa va PItopet va avarnapa-
otaBel otov ermotpepopevo turo). Ilpooedte ot n kAron g factorial() oto
oopa g dev eivat ave§édeykin® 1 akodoubia factorial(n) —factorial(n-1)
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—factorial(n-2) — ... otapatd (kat ermotpépetal TP mou urtoAoyidetal xopig
Vv KAfon tg) otav to oplopa yivet O.

H napandave vlomnoinon ardoroleital apKetd pe ) XPnon tou tedeotr (?: ),
§3.1.2:

std::size_t
factorial(std::size_t n) {
return (n > 0 ? n =« factorial(n-1) : 1);

}

4.4.4 Acixtng o ouvaptnon

'Evag Xprjoip1og turog, £181kd yia 0plopa ouvaptnong, eivat o 6eiking oe ou-
vaptnor.

Ag urtoBeooupie 6Tl 9¢Aoupie va ypAwoupe KOdiKa e Tov oroio va oxediadetat
pia pabnupauxy cuvdptnon f(X) piag petaBAntg os kanoo Siaotnpa TPV, va
napayetatl 6ndadr) pia ospd onpeiov (X,Y). Mia anoneipa stvat i akoAoubn

#include <iostream>
doubl e f( doubl e x);

i nt
plot( doubl e low, double high) {
doubl e const step = (high - low) / 100;

for (double x = low; x < high; x+=step)
std:icout << x << " Lot << f(x) << \n

return O;

}

IMapatmprjote 61t 1 plot() Sev prmopetl va yevikeutel yia orowadrnote ouvaptnon
f(X) xopig va yivel emépBaon otov kadikd tng. Oa 9édape n f(X) va mepva omv
plot @g dplopa. AuUTO T0 EMITUYXAVOUHE XPNOTHOTIOIMVIAS WG TUIIO EVOG ETTIITAEOV
opiopatog to deikin oe ouvaptnorn. I'a ) yevikr éndwon ouvaptnong

ETTIOTPEPOIEVOG_TUTIOG
ovopa(tunog_opiopatog_A oplopa, tunog_opiopatog B oplopaB,. . . );

o deixking etvat

ETTIOTPEPOIEVOG_TUTIOG
(*ovopa_beikin)(turog_opiopatog_A opilopad, turnog_opiopatog B opt-
opaB,.. . .);

Ot iapevBéoelg yUpem amnd 1o *ovopa_bdeiktn xpetadoviat kabog 1o (*) (e§aywyn
Tung ano deiktn) €xel pikpOtepn) potepatotta ano g (() ) (kAnon ouvapinong),
[Mivakag 2.4. Metd and tétowa dndwon, n petaBAnt) ovopa_deiktn propet va
napet “upr” pe avabeon piag ouvdaptnong pe avtiotolxo mAnbog kat €ibog opt-
OPAT®V Kat 0tav akoAoubeitatl armod KatdAAnAeg TIREG TIOU va aviarokpivovial ota
opiopata va ermotpéget Vv T rmou da €dive autr) n ouvaptnon:
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doubl e f( doubl e x); /I declaration of f(x)

doubl e (*fptr)( doubl e x); /I declaration of a pointer

fptr = f; /I assignment

double x = 1.2;

doubl e y = f(x);

doubl e z = fptr(x); Ilor z = ( =fptr)(x);
Iy ==z

Me toug deixkteg oe ouvaptnon pag divetat n Suvatdtnta va TPOIOIIO|COUE TV
plot wg Eng:
int
plot( doubl e low, double high, double (*f)( double x)) {
doubl e const step = (high - low) / 100;

for (double x = low; x < high; x+=step)
std::cout << x << " Lot << f(x) << "\

return O;

}

'EX0UPE KpATHOEl T0 OOPA TG artapaAAayto Kat £X0UpE IpooBEoel, Pe KataAAnio
1poro, mv f(X) ota opiopata. 'Etot puropouvue va £€xoupe

doubl e sin( doubl e x); /I sine
doubl e cos( doubl e x); /I cosine
doubl e tan( doubl e x); /I tangent
int

plot( doubl e low, double high, double (*f)( doubl e x));

int

main() {
plot(1.0, 5.0, sin); /I plot of sine
plot(1.0, 5.0, cos); /I plot of cosine
plot(1.0, 5.0, tan); /I plot of tangent

}

Zuv niepintoon rou Yédoupne va xpnotporowjcoupe t ypedef yia va opicoupe
I.X. Tov TUmno “GeiKing 0€ OUVAPTNON TOU £MMOIPEPEl arépalo rkat dexetat SUo
MPAaypatika opiopata”, n ouviadn eivat:

i nt func( double a, double b); // target function
typedef int (=*ftype)( double x, double vy); Il type

ftype g = func; /I declaration with assignment
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4.5 main()

'Exoupe 1161 Xpropornotrost éva aro toug U0 tporoug ouviaing g Bacikng
ouVApToNg Kabe 0AOKANPOIEVOU Ipoypdpiatog, tng main() :

int main() {.....}

O 8eUtePOG TPOTIOG ETMITPETIEL VA “Tiepdcouv” opiopata otn main()  amno to Asttoup-
YiK6 ouvotnpa (to ornoio kalet ) ocuvaptnon) katd m ouyun meg kAnong mg:

int main( i nt argc, charx argv[]) {....... }
Iooduvapog pe autov tov tporo SrAnong (beg §4.4.3) eivat kat o €Eng:
int main( int argc, char* argv) {....... }

To mp®To 6plopa, £vag aKEPALOg e To oupBatiké dvopla arge, maipvet T Katd
1 peyaAuUtepn amo to mAnBog v oplopdtev rou divoviat ot main() (1 0, av to
Aertoupyko ouotnpa Sev propet va repdoet opiopata). To Sevtepo, Evag mivakag
dewktwv oe char, £éxet idotaon arge+1 kat nepiexet oe popdr) C-style string ta
opiopata. H tpr argv([O] eival mavia to 6vopa pe 1o oroio £ylve 1 KAnon tou
mpoypdppatog, ta argvll], argvl2].,. . . to mpwto, 6evtepo,. . . Oplojia, Vo 1) TEAEU-
taia tpr, argvlarge], etvat 0. To Aettoupyko ovotnpa UNIX Sempet wg oplopata
TG “Aége1g” (0e1pég XAPAKTNP®V IOV TepBAaAAovial aro Kevd) 1mou akoAoubouv 1o
Ovopd TOU IIPOYPAPHATOg Ot YPAPHL EVIOA®V KAtd v KAnorn tou. 'Etot, av n
KAT|01) ToU eKteAéotpou a.out eivat n

Ja.out 12 input.dat output.dat 4.5

ot main() , av &yet yivet 0 0plouos ue m Seutepn pop@n, to arge eivat 5, kat ot
TIREG Tou argv eivat:

argv[0] == "./a.out";
argv[l] == "12";
argv[2] == "input.dat";
argv[3] == "output.dat";
argv[4] == "4.5";
argv[5] == 0;

[Ipooélte Ot ta opiopata 1 kat 4 6ev “mepvouv” wg aptBpoi. I'a va xprnotporoin-
Youv g tétotot ot main()  mpérnet va petatpartovv. I'a 10 0Koro autod apgexoviat
aro ) C+ oto header <cstdlib> o1 cuvaptoeig:

i nt atoi( char const * p); /I C-string to int
| ong atol( char const * p); /I C-string to long int
doubl e atof( char const * p); /I C-string to double
KaBog Kat ) o yeviky strtod() . Ot mapanave opidoviatl oto namespace std .

Me tn) Xpr)o1n AUTOV PUITOPOULE va £XOUHE

#include <cstdlib>
#include <fstream>

int
main( i nt argc, char =*argv[]) {
int n = std:atoi(argv[1]);
/I n gets the value of the first argument



64 KE®AANAIO 4. XYNAPTHXEI®Z

doubl e x = std::atof(argv[4]);
/I x gets the value of the fourth argument

std::ifstream filein(argv([2]);
/I open input file. Name is given in argv[2].

std::ofstream fileout(argv[3]);
/I open output file. Name is given in argv[3].

4.6 overloading

Ag e&etdoouyie v mepineorn mou Yédoupe va ypdwoupe ouvaptr)oelg rou va
eKTeEAOUV TI0AAATIAQC1a00 aplBpou pe povodidaotato mivaka (§iavuopa), apibpou
pe &ididotato mivaka, 1 moAdaridactacpo dvo Sidtactatev mvakev. Ot rpddetg
yivovtat pe diapopetikoug alyopifpoug aAdd 010 XOPOo TOV IMVAK®V IEPLYPAPOV-
tat pe to 1610 ovopa. H C+ pag diver ) duvatowta (overloading) va xpnotpo-
TO)00UHE Y1d TIS OUVAPTAOELS TTOU UAOITO0UV autoug Toug aiyopibpoug to 1610
ovopa, rapodo mou Sa §Exovrat opiopata H1aPpopeTIKOU TUITOU Kal, CUVOAIKA, Sa
etval dSadopetikég. Asv elplaote UMTOXPE@UEVOL va ITIVOOURE povadikd ovopata
yla TI§ oUvaptnoelg pag €10l ote va pn “ouykpouvovial” pe dAAeg napopoleg. Oa
Soupe mapaxkdate 1§ pabnuatkég ouvaptnoelg mg CH mou opidovratl pe to 1610
ovopa rapodo mou rmbavov extedsital H1aPpopeTikog adyopibpog av ta opiopata
etvat doubl e, fl oat 1)1 ong doubl e.

‘Otav yivetat n KAnon piag ouvdaptnong pe rmoAAoug oplopoug, o compiler
ermdéyetl Tov KatdAAndo pe Baon ta opiopata (mAndog Kat TUIO) IOV repvouv. Ae
AapBdavel unioyn, OPKG, TOV EMMOTPEPOPIEVO TUITO NG ouvdaptnong. Av de Bpet pia
BOvVo ouvApTNon IoU va taptdlel akpBag, maipvel urnoyn tou tg “avtopateg”
petatporieg (.. bool, char, short int oeint, float oe double,...). Av
nadt e Bpebei avtiotoin ouvaptnon, e&etdlet ta opiopata adpou petatpéyet i nt
oe doubl e, doubl e oe | ong doubl e, beikteg oe voi d*, KA. Ymapyouv yevika
TOAUTIAOKOl KAVOVEG Yld TV €rmMAOYn NG KatdAAnAng, povadikrng ouvdptnong
av og KAIo1lo otddlo epdaviotouv Meploootepeg Ao pia “lootpeg” ermdoyég 1) 6e
Bpebel xappia, n kKAnon eivat Adog.

Kalo eivat va ypagovtat ot ouvaptrjoeig pe ta akpibr) opiopata (katd tumo Kat
ap1Opo) pe ta onoia da KANOBoUV Gote va P Xpetaotel va yivovial PETaTponEg and
tov compiler rou mBavov KaAéoouv H1aPopPETIKL] OUVAPTNOT A0 AUTH) TTOU £iXE
OKOTIO O IIPOYPAPHUATIONG.

4.7 XZuvaptioeilg template

‘Eva 18waitepa onpaviko Xapakinplotiko g CH évavit oAAov aAAev YA®o-
OOV TIPOYPAPPATiopou eivat 1) uroot)p§n v templates (urobeiypata). Ta ou-
VapTroelg auto onpaivel Ott PIopoulie va Ti§ IAPAIETPOITO|C0UE OX1 HOVO He
opiopata aAAd Kat pe TUIo Moo IOV 0T AloTa 0PIOPAT®V 1] 0TO 0OUA TG OUVAP-
wmong. ITdpte yia mapadetypa pia ouvdptnorn rmou addddet tipég petadu v duo
oplopdtev g (swap). ®a 9édape va €xoupe t€tola ouvdaptnon yla 0Aoug Toug
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TUToug petaBAntav,? eite eival evoopatopévor (i nt, float,...), site mpdkettat
yla turoug mou opidel o mpoypappatiomg (kAaoelg, KepdAao 6). H duvatdnua
yia overloading eivat euripoodektn KaB)G PITOPoUlLE va XP1OTOIIO)0OUE TO 1610
ovopd yia 0Aeg autég tig ouvaptroelg. [Ipooegte 6t 0Aeg ot mapaddayég Stapépouv
POVO OTOV TUITO TV PETaBANTOV Kat OX1 otov aAyopiopo:
voi d
swap(int & a, int & b) {
int const temp = b;
b = g
a = temp;

}

voi d

swap(float & a, float & b) {
float const temp = b;
b = a
a = temp;

}

voi d

swap( doubl e & a, double & b) {
doubl e const temp = b;
b = g
a = temp;

EukolAa avtidapBavopaote ot eivatl koupaotiko kat SUokodo otn §10pOwon 1) v
avaBdabpion to va enavalapBavel kaveig ouolaotikda ov 1610 kOdika kdbe @o-
pd tou 9¢det va urootnpiel pia ouvaptnon yia éva véo turo. H CH Givel 1)
duvatonta va ypaget o compiler v avaykaia cuvaptnon kabe @opd, apkei o
TIPOYPAPATIOTAS Va TOU €XEl ITapouotaocel éva urodsiypa (template) yla 1o niog
va 1o kdvel. H ouvradn tou template yivetat rmo gUkoda Katavonty pe éva ma-
padeypa:
tenpl ate <typenane T>
void swap(T & a, T & b) {
T const temp = b;
b = a;
a = temp;

}

H mpooBnkn otov oplopd g ouvdptnong tou tenpl ate <typenane T> (rou
artotedet pépog g drjdwong) opilet 6t 1o ovoua T (rou Sa propouvoe va eivat
010108 IIoTE NG EMMAOYNAS TOU Tpoypappatiots)) cupBoAilet évav turo. Me autov
TOV TUTIO PItopouje va SnA®ooupe ta opiopata, TV eMmOTPEPOPEVT) TIUN TG OU-
vaptnong, Kabwg Kat OIoleg IoooTNIeg Xpe1ddovial oto oopa tmg. I'evikd priopouv
va undpxouv IePLo00TEPA Ao €va TETola ovopata (rapdpetpot tou template):

tenpl ate <typenane X, typenarme Y, .. > .5

4¢youpe 16N, v std::swap() oto <algorithm>
5An6 aBewia 1o Standard tou 1998 ev ermtpériel mposmAeyRéveg “Tpég” MAPAPETPGV OE tem-
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H xAnon plag ouvaptnong template yivetat faoviag oe <> ToUg TUIIOUG TTOU
avtoTolouv otig rapapétpoug tou template Katd ) CUYKEKPIEVH KA 0T Petady
TOU OVOMATOG TG OUVAPTNoNG KAl tng Alotag 1oV OplopdteVv :

double a = 2.0;
double b = 3.0;

swap<doubl e>(a,b);

LtV nepineorn mou ot mapdpetpot tou template priopouv va avayveptlotouv and
1OV TUITO T®V OPLoPATOV 1) KANo1 propet va napaleiyet ) pntr) é6nAwor) toug. H
KAT|OT] OTO MaPAnave Iapadetypa eivatl iwooduvapn pe tyv swap(a,b)

Extog aro turnog, pla napdpetpog evog template propet va eival otaBepr)
axépata oodtnta (i nt, char, bool ,...) yveootr katd ) petaydotuorn, i enum®

‘Eoto, 1.X., 0Tt 9¢AoUupe va YpAWOULLE [1la OUVAPTN 0T TIOU va €A£yXEL aAv T0
oplopd g eivat aképato rmoAAarnAdoto evog dsbopévou apiOpol. Mropoupe va
Vv vdorotrjooupe (xpig eAéyxoug yia ta opiopata) og e§1g:

bool mult( int a, int b) {
return !(a%b);

}

H xAnon g eival, BéBata mult(a,b) . Evaddaxkuxka, av to b eival yvootd kata
) PETayA®TIon, PIIopoulie va opicoupie To akoAoubo template:

tenpl ate<int b>
bool mult( int a) {
return !(a%b);

}

H xAnon tote eivatr mult<b>(a)
®a Soupe oe emOPevo KePAAAlo TOlA XPNOTHOTNTA €XEL AUTH] 1] HOP(I| ToU
template.

O 1porI0g 0pyaveong Tou KOdIKA oe apxeia otV mepirntoon mou mneptlap-
Bavetal pa ouvaptnorn template mapouoiadet Wattepotnta. H CH mpoBAErmet ot
propei va akoAouBnOel kat 10te 10 POVIEAO NG XWPLOTHG petayAotiiong (ot opt-
opoi v ouvaptioeev divoviatl oe Sexwplotd apxeia kat ardd ouprieprdapBdavov-
tat ornou xpeiaovrat ot dSnAwoelg) apkei otov 0plopo (1) SfjAwon) tng ocuvaptnong
template va mponyeitat n pokaBopiopévn Aggn export :

/I util.cc

export tenplate <typenane T>

T const & max(T const & a, T const & b) {
return a>b ? a : b;

}

/I util.h
tenmpl ate <typenane T>
T const & max(T const & a, T const & b);

plate ouvéptnong, 6reg, . ot enpl at e <typenane X,typename Y = doubl e>. ze
endpevn ékboon 9a erurpénietatl kat paiota de 9a eivatl anapaitnto ot POermAeyPEVES IAPAPETPOL va
Bpiokovtat oto tédog tng Alotag.

61 eixtng oe ouvaptnon Kat avapopd 1 Seiking oe otabepr) OCOTNTA Pe EERTEPIKT] CUVEEDT).
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Ot ieprooodtepot compilers dev urootnpidouv akopn 1o exXport omote mpéemet
va rieptdapBavetal oto header ox1 povo n 6nAwon addd kat o oplopodg g ouvap-
wmong template.

4.7.1 Eeidireuon

TV MePimeon MoU 0 YEVIKOG alyoplBog Tou mpokuItetl anod éva template
6e pag wavorotel (1.X. ®g IIPog v Taxutnta 1 tov alyopldpo) yia KAoo ouy-
KEKPTPEVO OUVOAO TTApaPETp®v, priopoupe va dnAwooupe mpog tov compiler ot
TPETIEL VA XPNoLPonotel AAAn poutiva Orote Xpelaotel va mapdyel KOdKa yia Tig
ouykekppéveg tapapétpoug. ‘Etol . yla aképaitoug apibpoug ot swap() Sa
9¢Adape va xpnowonoiet tov adyopiOpo XOR swap avil yla 1o YeEVIKO 1ou 600n)-
Ke Iapandave. Mropoupe va CUPIANP®OOULE TO apXeio Pe To unddetypa yia )
swap() pe tov &g KOSIKA :

t enpl at e<>

voi d

swap(int & x, int &vy){
X'=y;
y=x;
X'=y;

}

Y& autr) v mepimeon, n KAfon swap<i nt >(a,b) xpnowporoiet tov 161kd aA-
Yop1Opo, eve yla orotadrrote dAAn mapdperpo KaAeitat o yeViKog.

4.8 inline

H extédeon “Pikpou” KOd1KA PEO® KANONG OUVAPTNONG ITOU TOV MEPLEXEL elvatl
YeVIKA TTI0 XpovoBopa art o,tt av rapatebouv autouoleg Ol EVIOAEG OTO onpeio
rAnong. H C+ divel i duvatdinta va evnpepoooulie tov compiler ot pia ouvap-
mon eivat katdAAnda pikpn Kat pokettal va xpnoiporoindei ouxvd wote, edv
yivetal, va UIoKATACTIOEL TI§ KATOELG TG ArT £ubeiag Pe TOV KOS1KA IOU TIEPIEXEL.
Me autdv tov Tporo propoupe va esadelpoupe v kabuotépnon tng KARong.
H evnpépwon tou compiler yivetat xpnowomoioviag v rmpokaboplopévn AEEn
i nl i ne otov oplopd g ouvApPTONG PV TOV TUIo eruotpodng. Ilapadeiypatog
Xapwv, fia ouvaptnon mou Ppioket 1o peyadutepo §U0 akepainv Propet va opiotet
og 815

inline int
max(int a, int b) {
return a>b ? a: b;

}

Ipopavawg dev €xel vonpa, kat etvat Aabog, va optotei i nl i ne n main() .

Yuvaptnon optopévn e 1o i Nl i ne mpérnet va eival MANP®g yveotr) otov com-
piler pwv xpnotporownOei, dev apkel povo n SAwor| NG OMWSG OIS UITOAOITEG.
Enopévag, o oplopog tng npéret va neptdapBavetat oto header mou kavovika Sa
elxe ) dnAwon ng.
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4.9 ZITaTIKEG MOCOTNTES

Ot petaBAntég rou opidovial oto oopa pag ouvaptnong £Xouv dtapkela {®ng
oon kat n didpkela ektéAeong g ouvdptnong. Emopéveg, dnuioupyouviat otav
1 POY] TOU IIPOYPAPHATOS @TACEL 010 onpeio S1A®org Toug Ot CUVAPTNOoT KAt
Kataotpépovial Otav 1 por) uUyet ano v epBedetd toug. Mnopoupe va opicoupe
KataAAnAa karola petaBAntr) €10t wote va dnpioupynBel Kat va mapel apyiki)
tpn (0 1 aut) ou Sa H00ei kKatd tov 0pPlOPO TNG) POVO TNV MP®T POPA ITOU 1)
por] 9a ouvaviroetl i SA®O| g Kai, MMIAEOV, va PNV KATtaotpapel Katd v
£€8060 aro ) ouvaptnon. Auto yivetal pocHEtoviag otov 0plopd TG PETaBANTAg
Vv ripokabopilopévn Aggn st ati c:

voi d
func( doubl e a) {

static int howmany = 0;
...

++howmany;

}

H petaBAnt) howmany oto nmapadetypa ouolaotikd petpd 1mooeg popeg KANONKe
n ouvaptnon. Evvoeital 6t “paivetal” povo péoa ot ouvaptnon func().

4.10 MaOnpatikég ouvaptroslg tng C+

KdaBe vdormoinon tng C+ mapéxet oplopéveg pabnpuatikeg ouvvaptroetg. Ot 8-
Adoelg TV napakdt® Bpiokoviat oto header <cmath> xkat opidovratl pe to 1610
ovopa yla apiBpoug tonou f | oat, doubl e, | ong doubl e. Ztov ITivaka 4.1 na-
patiBeviat o1 dnAwoeig yia doubl e. T'a 1otopkoug Adyoug, KATIOlEG NadNUATIKEG
ouUVapPToElS KAl 01 ouvodeuTikEG Toug dopég dndwvoviatl oto <cstdlib> . Opt-
opéveg ouvaptoetg g C mou £xouv avukataotadel anod ooduvapeg tng CH Sev
napouotddoviat. 'OAeg ot avadpepOpeveg ouvaptroelg Kat dopeg dnAmvoviat oto
namespace std .

[Tpoo£dte o o1 meploodtepeg pabnuatikeég ouvaptrjoelg dev opidoviat ya a-
Képatlo. Autopartn ermdoyn arnod tov compiler de yiveral ylati o1 petatporneg axke-
paiou og KABEva aro Toug TPEIS MPAYHATIKOUG TUTIoug eivat wooduvapeg. 'Etot,
TMIPETTEL va YIVETAl PN PETATPOI) O €va ard ToUG MPAYHATIKOUG TUITOUG ATTO TOV
MPOYPAPHATION] KATA TV KANOn, av 1o 0plopa eival aképalog.

Zinv niepintoorn rnou §o0el 0plopa eKTOG TOV EMITPETIOPEVOV TIHOV OTI§ TTapa-
Ave Padnpatikég ouvaptroetg, 1) ToooTNTA €0 Ao To <CEerrno>  aroKtd IV
T EDOM Av to anotédeopa eivat ektog v opilav, n errno  yivetat ERANGE

#include <cerrno>
#include <cmath>
#include <limits>
#include <iostream>

int main() {
errno = 0; /I clear error. No error code is O.

std::sqrt(-1.0); /I here errno becomes EDOM.



Zuvaptnon

Emotpepopevy Tipr)

IMapatnpnocig

<cmath>

doubl e abs( doubl e)
doubl e ceil( doubl e)
doubl e floor( doubl e)

doubl e sqgrt( doubl e)
doubl e pow(doubl e x, double a)

doubl e pow(double x, int i)

doubl e cos( doubl e)

doubl e sin( doubl e)

doubl e tan( doubl e)

doubl e acos( doubl e)

doubl e asin( doubl e)

doubl e atan( doubl e)

doubl e atan2( doubl e x, double y)

doubl e cosh( doubl e)

doubl e sinh( doubl e)

doubl e tanh( doubl e)

doubl e exp( doubl e)

doubl e log( doubl e)

doubl e logl0( doubl e)

doubl e modf( doubl e d, doubl e *p)
doubl e frexp( double d, int *p)

doubl e fmod( doubl e d, doubl e m)
doubl e Idexp( double d, int i)

ArntidAuty Tir) Tou opiopatog.

H apéong peyaAutepn amno 1o opopa
aKéPala TP OG MPAYHATIKOG.

H apéong pikpodtepn amo to opopa
aKképala TP ©g MPAypatikog.

H tetpayovikr) pida tou opiopatog.
Yyeon os SUvapn, X2.

Yywon oe aképata Suvaun, Xi.
Zuvnpuitovo.

Hpitovo.

Egarttopévn.

Té%o ouvnptdvou.

Togo nuitdvou.

To%o eparttopévng.

T6%o eparttopévng arctan(x/y).

YriepBoAwkd ouvnpitovo.

YriepBoAkod npitovo.

YriepBoAikn) eparttopévr).

ExBetko.

duoikog AoyapiBpog (In).

Aexadikdg Aoyapibpog (log).

To Sexadiko pépog tou d.

Bpioxketl X oto [0.5,1) xat y dote d = x2V.
Eruotpépet 10 X.

Yrédowro g Saipeong mpaypatkev d/m.

d2'.

To dplopa mPEMeL va ivat in apvnTko.

Ipénet va oyxvet a>0 av Xx=0

Kat o a va eivat aképatog av X<O0.

Mpénet va 1woxvet i>0 av x=0.

To optlopa oe rad.

To optlopa ot rad.

To opilopa oe rad.

To 6piopa oto [-1 : 1], to anotédeopa oto [0 : 7] oe rad.
To 6popa oto [—1: 1], to anotédeona oto [-71/2 : /2] oe rad.
To anotédeopa oto [-71/2 : /2] oe rad.

Ta nipoonpa v oplopdtev kabopidouv to tetaptnpopto.
To anotédeopa oto [—x @ 7] oe rad.

Ipéret 1o Opopa va eivat Yeuko.
[péret 10 Oplopa va eivat Yeuko.
To aképato P€Pog oto * P.

®¢teL 10 Y o0 * P.
H eruotpedopevn T £xet 1o 1610 mpoonpo pe to d.

<cstdlib>

int abs(int)
div_t div( int n, int d)

Idiv_t div( long int n, long int d)

ArnidAutn tpn.
InAixo Kat unédotro tng daipeong N/d .

IInAixo Kat unédotro tng daipeong N/ .

Eivat overloaded xat yia | ong i nt.
Eruotpégoviat ota pédn quot,rem
rioootntag turou div_t

Eruotpégovat ota pédn quot,rem
rioootntag turou Idiv_t

IMTivakag 4.1: Zuvaptroesig tov <cmath> xati <cstdlib>

+0 KHL XIHXH.IdVNAX XAMILVIWNHOVIN O1'%
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i f (errno == EDOM)
std::cerr <<
"argument _out _of _domain _of _function.\n";

std::pow(std::numeric_limits< doubl e>:max(), 2.0);
/I here errno becomes ERANGE.

i f (errmo == ERANGE)

std::cerr << "Math _result _not _representable.\n";
}
EvaAAlaktikd, priopet va xpnotporoinOei n ouvdaptnon std::strerror() ano 1o
header <cstring> . Autr) déxetal g povadiko oplopd To errno  Kat rmotpEPet

char * pe kataAAnAo MAnPoPoplako PHvupd, T0 Oroio PIoPEel va TUTIOOEL.

4.11 Aornoeilg

1.

Tpomoroote ta MPOYPAPHATA TTOU YPAWATE OTO IIPONYOUHEVO KEPAAALO
WOTE 01 UTTIOAOY101101 va EKTEAOUVIAL 08 AVESAPTHTEG OUVAPTHOELG. AOKIIACTE
va 1a ypdyete Kat pe avadpopikeG OUVAPTIOELS.

. Tpayte ouvdaptnon g C+ mou va urodoyidel v 1PN @V MOAURVUPQV

Legendre, P/(X). Ta P/(X) pe X € [-1, 1], arotedouv £va 6UvoAo TIOAUGVUPGV
He ouykekpiéveg 1610tnteg Kal moAAEG sdpappoyeg. Ta 6o mpota eivat
Po(X) = 1 xat P1(X) = X, evo yia peyadutepeg tipég tou £ umodoyidovrat amno
Vv avadpoyiKy oxéon:

LPy(X) = (2 = D)XP_1(X) = (£ = DPr_2(X) .

Yloroteiote 1 yevvntpla weudotuyaieav apdnev tou Cliff Pickover”:
Xni1 = 1100(In(Xn)  (mod 1))

pe Xo = 0.1.

Fpayte avadpopikr ouvaptnorn rmou va UroAoyilet tv opiouoa evog tetpa-
yevikoU mivaka A didotaong N epappoloviag tov akéioubo turo®

N
detA=)"(-1)""a; det A ,
i=1

yia otabepd |, .x. 1. To ototxeio tou A oty i ypappn xat j otjdn oupbo-
Afgetat pe g, eve Ajj eivat o mivakag mou rpoxuvrttet ano tov A jie Staypadn
mg | ypappng kat j otang.

Ipayte kOd1Ka 10U va 1pocdlopidet t AVon ypappikoU oUCT|ATog XP1ot-

porowoviag T pédodo tou Cramer”®.

7http: / /mathworld.wolfram.com/CliffRandomNumberGenerator.html
8http: //mathworld.wolfram.com/DeterminantExpansionbyMinors.html
9http: / /mathworld.wolfram.com/CramersRule.html
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6. H xBaviopnxaviki) avilpeI®Inot) T0U dtOPoU ToU YHpoyovou KATAAyel OTig
18100uvaptroelg (0 OPAIPIKEG CUVIETAYHEVEG)

YUnen(r5 6, 9) = Rae(r)Yem(6, @) .

To yoVviako THAA TOUG £ival Ol OQalolKeég apUOVIKEG,

Yim(6 ) = + /22—;1% PM(cos6)e™ .

Ta ovvagn moAvovuua Legendre, P}(X), ixavorolouv tig ox€oeig

av{=m
P(X) = (-1)™1x 3x5x--- x (2m—1) (1 - x?)"?,

avl{=m+1
PP(X) = x(2m+ 1)PR(X) ,

ev® o AAAn nepirtworn divoviat anod v avadpopikn oxéon
(€ -mPP(X) = x(2¢ - PP ,() — (I + m= )P} ,(X) .
O1yavieg 6 kat ¢ petaBaddoviat ota Swaotijpata [0, 1] xat [0, 27) avtiotoa.

Fpdayte ouvaptnon IMOU va UITOAOYiCeEL TO TIAPAYOVIIKO £vOg PIKPOU a-
Kepaiou.

I'pdyte ouvdaptnon mou va unoloyidel 1o ouvagég moAumvupio Legen-
dre, PJY(X).

TCpdyte 0UVAPTN O TIOU va UTTOAOY1{el T opalpikt) appoviky, Yn(6, ¢).

Anuioupynote éva kapteotavo rmiéypa 50 X 100 onpeiov oto erine-
80 6 — ¢ xatl unodoyiote oe kabéva amod auvtd g tpEg v Yem(6, ¢).
Tunoote oto apyeio “ylm_data” g tpég Sindcos¢g, sindsing, coso,
Yem(6, #) Y, (6, ¢) (6nAadny, ouctactika, ta X, Y, Z Yay*) yia kabe onpeio,
pe £ =2, m= 0 (6nAadr), éva amo ta d-tpoxiaka).

7. Tpayte pa ouvaptnon C+ mou va Bpioket (av urtapyey pia Avor g egion-
ong f(X) = 0 oto Sraotnua [Xa, Xp] yia onowadrinote ouvexr) ouvaptnon f(X).
Na Xpnotporno|oste :

(a) ) p€Podo Siyotounong'®. Me Siaboyikég Siyotouroeig Tou Sraothja-
T0G IOV TIEPIKAEiet ) pida, Ta akpa rmMAnotalouv o ArtOoTaAcT] PKPOTEPT)
ano v ermbupnt akpibela.

(B) ) 1édodo weuboug 9éong!l. Te autr, n ouvdptnon mpoosyyidetal pe
TTOAU®VUPO TIPpOTOU Babpou, n pida tou omoiou arotedel 10 Eva AKPO
TOU VEOU Slaotrpatog eve 1o AAAO ermdéyetal armo td mponyoupeva
akpa oote 1o ddomua va nepikAeiet ) pida mg f(X). Awaboyikég
enavainyeig poaodiopidouv ) pida pe ) {nrovpevn axkpibela.

10http: //mathworld.wolfram.com/Bisection.html
1 1http: / /mathworld.wolfram.com/MethodofFalsePosition.html



72

8.

10.

KE®AANAIO 4. XYNAPTHXEI®Z

(y) tn1élodo Brent!2. Te autr, 1) cuvdptnon mpooeyyiletal ie TIOAUGVULO
devutepou Pabpou mou mepvd and ta AKpa Tou S1aoTpatog Kat Eva
tpito, apykd auvbaipeto, onpeio. H pia pida tou moAuwvupou arotedet
10 éva AKPO TOU VEOU S1a0Th1atog.

Fpayte éva ipdypappa C+ mou va nailet tpidida pe avtirtado 1o xprot. Ze
auto 1o matyvidt, ot fUo rnaikteg torobetovv Hradoyxika oe YEoelg AEYATOS
3 x 31, yeviotepa, N X N, to oupBodd toug (r.x. ‘X' 1 '0) pe oxorod va
EIMITUXOUV TO oXNPatiopo tp1adag (1, yevikotepa, N-adag) i8iwv oupBodev o
opovtia, kabetn, 1 Sayodvia ypappn. Ziny nepintoon mou de oxnpartiotet
T€T01a YPAP L), UTIAPXEL 100Ttalia.

dpovrtiote 0OV KOSIKA 0ag va urtdpxet Suvatdtnta ermAoyng ToU molog railet
npotog. To mpoypappa Sa mpémnet va divel emapkeilg 0dnyieg oto xpnotn
yia 10 g ertAéyet 9éon mAéypatog. ITpopavog, mPETEL 0 UITOAOY10THG va
emdloKel ) VIKD, KAtapynv, Kat, 6co eivat Suvatd, va arnopevyet Vv Niid.
To mpdypappa va TUTIOVEL O OTOIXEIDNO Hopdr) TO MAEYHa PETA arod KAOe
Kivnon' ag sppavidetat kat oav

dpovtiote, €MMITAL0V, VA IEPLYPAPEIE EMAPKMS e O0XO0Ala (Tt KAvouv) g
OPNAdEG EVIOARDV ITOU XPIO1IOITONETTE.

. Tpdayrte éva ipoypappa C+ mou va ratdet four-in-a-row pe avtinalo £0dg.

Ye auto 1o rayvidl, &uvo maikteg torobetovv Sradoyikd g “papkeg” toug
o éva katakopugo rméypa M X N (epappoote to yua 7 omjdeg enti 6 ypap-
pég). Kdabe papka torobeteital otnv Kopudr) piag otAng Kat MEPTel £0G
O0TOU ouvavinoel GAAn pdpkKa 1 10 AKPo Tou mmAgypatog. Nikntg eivat o
MAIKTNG MOV oXNPaAtilel TE00EPIS OUVEXOHEVES APKES 0P1LOVTING, KADET®G 1
Slayeving. Eav 1o mAéypa yepioet Xopig va €xel oXnpatiotet t€tola ypappn,
€xoulie 1oortalia.

Sudoku. Tpdayte éva npoypappa CH rou va Auvel sudoku. Ze aut 1n
Spaotpiotnta o okordg eivat va yepioet éva miéypa 9 X 9 pe aplOpnukda
ynoeia oote kabe ypappr, otdn 1 koutl 3 X 3 va meptéxel 0Aa ta yneia
1-9, amno pia @opd 1o kabéva (xwpig eravainyn).

12http: / /mathworld.wolfram.com/BrentsMethod.html
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To mpoypappa Sa SExetal €éva PeEPIKOG CUPTANP®OUEVO TAEYHA, da IPoo-
610pidel Ta Ynedia ota Keva TeETpAy®va Kat 9a 10 TUIMTOVEL CUPITAN POHEVO.

O aAyop18110g 10U Propeite va akoAouBrjoete ivat o €Eng:

(@) Eexvape amo 10 MPOTO KEVO TETPAYOVO KAl TOrToOeToue eKel TO yndio

1

(B) EAt¢yxoupe av eivat artodektd ouppmva Pe TOUG KAVOVEG TIOU avapep-
9nkav. Av oxi, 1o avukadiotoupe pe 0 2, 3, KA. £0g 0Tou Bpoups
arodekto yneio. Av ggaviArjooupe ta yneia xopig va arnodexboupe
Kavéva, 1o Aéypa dev £xel Avon.

(y) Ilpoxwpdape Ot0 €MOPEVO KEVO TEIPAY®VO KAl akoAdouboupe tnv idia
d1abikaoia. v nepirtwon mou egavidrioouvpe ta ynoia 1 -9, o a-
(PIVOULLE KEVO TO OUYKEKPIPEVO KAl PETAKIVOULIAOTE OTO ITPOIYOUHEVO
TETPAYOVO TI0U £X0Ule oUPAnpooet. Au§avouype tov aptdpo tou dua-
doxika, eAéyxoviag kaBs popd Tig ouvOnkeg. Av artodexBoupe ynoio,
TIPOXWPAE OTO EMOUEVO TETPAY®VO, AV TA ESAVIA|OOUHE, PETAKIVOULA-
OTe TUO IT{0® K.0.K.

AOK1IAOTE TO Y1d TO TIAEYHA

5|3 7
6 1/9|5
918 6
8 6
4 8 3 1
7 2
6 2|8
4(111]9 5
719

4.11.1 Tafwvopnon

1.

4.
5.

Fpayte oe ave§apinieg ouvaptioeg mg CH toug mapakatw alyopibpoug
tagvopunong Kat ouykpivete tg ermdooeig toug. Ot ouvaptroeig va dExovrat
®G O0plopa €va Povod1aoTato mivaka Paypatkeyv apldpov. ®poviiote 0Aeg
01 oUVapTnoelg va 6&xoviat to 1610 mAnBog, oelpd Katl TUIo OPIOPATOV OOTE
va propouv va xpnotpornoinfouv eUkoAa 1 pia otn 9€on g dAAng.

. BeAuioote toug kad1keg Xprotponotwviag g ouvaptnoelg std::swap() Kat

std::min() , std:max()  wng STL, §5.1.3.

. Tpormoroirote 11§ OUVAPTIOELS MOTE va PITOPoUV va dexBouv kat petabAntr)

tornou std::vector< doubl e> (amo to <vector> ) 1, akopa, KAt orola-
6nrote oUAAOYI AVTIKEEVOV Yyila v oroia opidoviat ot tedeotég (<, pt-
KpOTePO) Kat (=, avabeon) kabwg KAt n avapopd o pEAOG g ouAdoyng pe
beiktn ([] , subscripting).

Xpnowporotfote ) ouvaptnor) std::sort() g STL ano to <algorithm>

Xpnowporofote 1) ouvaptnon dlasrt() NG LAPACK 2,

13 Agite midg oto Mapdptpa B
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Bubble sort
O o ar6g aAyodpipog takvépnong. Eivat tadng O(N?) kat éxet og eEng:

1. Eexkivevrag aro 1o Ip®To oTolXeilo, ouykpivoupe diadoxika otoixeia ava §uo
péxpt to tedeutaio. Av 1o p@To eival peyaiutepo amnod to Sevtepo, addaloupe
TG 9¢0e1g Toug peTady Toug.

2. EnavaAapBavoupe ) dadikaoia pexpt to npotedeutaio otoixeio. To tedeu-
taio eivat, amo to ponyoupevo Pripa, To Heyaiutepo.

3. EnavalapBavoupe ) Sadikaoia ayvowviag Kabe @opd €va Atyotepo otot-
Xelo amo 1o 1€A0g £mg 0Tou Hev UMIAPYXOUV OTOLXEla yia oUYKpPLon.

Y10 tédog, n Alota TV ototxeinv eivatl ta§ivopnpév amo 10 PIKPOTEPO TIPOG TO
peyalutepo.

'Onwg 9a kataddBete anod g ouykpioelg, eivat e§alpetikd apyog aAyopibiiog
kat 8¢ Sa mpérnet va 1ov Xpnotpornoleite yia o,tdnrote co8apo !

Insertion sort

Etvat tapépotog adyopiBuog je tov riponyoupevo. Eivat tadng O(n?) éeg (otnv
KaAUtepn nepintoon mg 1dn taivopnuévng Aiotag) O(n). 'Exet og £&1g:

1. Eexvovrag amnod to deutepo otoixeio tng Alotag, to “ta§ivopoupe” os ox€on
e TO MPWTO.

2. Emdéyoupe §iadoyikd 10 1pito, TETapTo,. . . OTOIXEIO KAl TO TOMOOETOUE Ot
0O®OTI] O£PA 0t OX€0n HE Ta mpornyoupeva (rou €xouv 1dn tadivoundei),
KAVOVTag Katl OIoleEg NETAKIVIOEIS OTOIXEI®V elval anapaitnteg.

Quicksort

Eivai, uno katddAndeg ouvOriKeg, Ao To0Ug o ypryopoug adyopibpoug. E-
ivar ta€ng O(N?) (ot xewpdtepn mepimwon g 18n wadvopnpévng Aiotag) £og
(ouvnBag) O(nlogn). YAorotettat moAU mo eUKoOAa pe avadpopiky) ouvdptnon,
oupd®va pe tov akoAoubo alyopiOpo:

1. EmmAéyoupe tuyxaia éva otoiyeio tng Atotag.

2. Avadiatdoooupe, pe KAatdAAnAeg PETAKIVIOEIS OTolXeiwv, ) Alota, €101 wote
0Aa ta “pikpodtepa” ororxeia anod to ermAeypévo va Bpiokovial oe 9Eoeig mpv
anod ooa eivatr “peyaAvtepa”. Auto onpatvel ot 1o ermdeypévo otorxeio Sa
Bpebel otnv tedkn tou 9éon. H Sadikaoia autn Aéyetar “Siapépion”.

3. Epappoloupe v idia d1adikacia otig umo-Aioteg Impiv Kat PETA 10 ermAeyHe-
VO ototxeio. Av KataAr{oupe oe Aiota OTOIXEI®V KEVT) 1] PIE IOVO éva OTOo1XE(o,
ETTIOTPEPOUIE.



Kepaliawo 5

Standard Library

‘Eva 8aitepa onpaviko xapaktnplotiko g CH+ évavit dAAeov yAwooov, givat
ot mapéxel AN0og SOPIKAOV OTOIXEIOV Yl TNV avartudn KOSika oe upnddotepo
entirnedo, Mo AMOPaKPUOPEVO aro 1o erinedo g pnyavng. Ot eneKtdaoelg g
Baowkng yAoooag Baociloviat oto pnyaviopo twv kAdacenv (Kepddao 6) kat tov
urnodetypdtov (templates, §4.7, §6.3), kat artotedovv 1) Standard Library (STL).

H STL £xet 1peig faoikég oUVIOTMOEG :

toug containers, Sopég pe KatdAAnAa XapaKInPEloTiKA yia v arnobnKeuon)
Kat Sraxeipilon 6edopévav, n kabe pia pe dadopetikeg 1810tnTeg. Yoka-
Y10t0UV T0UG EVOOPAT®PEVOUG TTivaKeg KAl EMEKTElVOUV onuavika g Ie-

plopopéveg Suvatotrnteg mou €xouv autoi. Metadu dAdev neprapBavoviat

containers rmou rapéxouv autopatn tagivopnon (.. set , map kat taxvta-
) avakon dedopévav eite pe aképalo aplOpnuko deikn (.. vector

deque) eite pe deikin omoloudrjmote TUTOU (11.X. Map).

toug iterators, ¢va eidog Seikin oe 9éoeig otoixeiwv evog container. Ot
iterators £xouv v id1a pop@r) yia 6Aoug toug containers pe anotédsopa va
MAPEXOUV OUYKEKPLHIEVO, £VIAio TPOTTO Yia ) Staxeipiorn toug. Mmopoupie va
Sratpéfounie éva container 1y va ripoorieAdooupe éva oTotXeio tou aveaptnta
arnd 10 TeG yiveratl oe XapnAo ernedo 1 opyaveor) tov §e60Evev oe autov.

T0UG aAyopiOpoug, 10U UAOTTO10UV He TTOAU AITOTEAECHATIKO TPOITIO0 OUVNHON
Apata Kodika Oneg ta§vopnon Kat VPO 1 avilkatdotaor) otolxeiou pe
OUYKEKPIPEVT T, ave§aptnta amnd tov container rou xprowornoteitat yia
Vv anoBrKeuon. AUTO £IMITUYXAVETAL P T XP1on tev iterators.

Erurméov, n STL nieptdapBavet toug mpooapuoyeic (adapters) kat ta avukeiusva-
ovvaptioeg (function objects).

MEeEXpl Twpa £XOUE OUVAVINOEL KAl XPIOTHOITO0El apKetd tunpata g STL
KaBog kabe T rou mapéyxetat anod headers (r.x. €icodog/£§0dog dedopevav, pa-
dnpatkég ouvaptroelg, opla aplOpov, pyadikdg tunog, K.A.Im.) neptdapBavetat
oe auty. Kdrnowa and avtd unidpyouv kat ot C, autouotla 1 mapopold. e auto
10 RePpadato da doupe Kupiwg Ta véa Xapakinplotikd rmou rpoobetet ) STL.

Apx1kd 9a mapouctacoupe oplopéveg PonOnTikeég So1EG KAl OXETIKEG EVVOIEG
¢S YA®ooag, kat akoAoubwg da avapepBoupe otoug containers kat otoug alyo-
piOpoug mou napéyovtat yua ) dayeipior) toug.
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5.1 BonOntikrég Aopég Kat Zuvaptnoelg

5.1.1 Zebyog (Pair)

H STL ntapéxet containers rmou anofnkevouv {eUyn TIHOV KA1 CUVAPTIHOELG TTOU
Xpeadetatl va ermotpéyouv §uo rmoootnteg. a v urnootw)pidn avtewv, o header
<utility> niepldapBavel, avapeoa oe aida, v kKAdon std::pair<T1,T2> . E-
ivatl template xat repiéxet Svo pEAn pe tiroug T1,T2 kabog kat 11§ kataAAnleg
OUVAPTAOELS Yia TO Xelptopd toug. Ta uo Baocikd péAn €xouv ovopata first kat
second. Opiopog evog Leuyoug (rt.X. yia T1 i nt kat T2 doubl e) pe anédoorn ng
noxraboplopévng yia KAOe TUIo TUNG 1) PNTNG APXIKAG TIHNS Yivetal og e§ng:

std::pair< i nt, doubl e> pi,; /l p1 == (0, 0.0)
std::pair< int, doubl e> p2(3, 2.0);

H nipéoBaon ota péAn tou pair  eivat apeon He ) XPr ot Tou ovopatog Toug :

std::pair< int, double> p(3, 2.0);

std::cout << "first _element _is " << pfirst << " "

<< "second _element _is " << p.second << \n’;

Kataokeur) evog pair  propet va yivel pe ) ouvdaptnon std::make_pair()

tenpl ate <typename T1, typenane T2>
std::pair<T1, T2>
make_pair(TL const & f, T2 const & s);

tou <utility> WG €EN1g:
std::pair< int, double> p; /I p.first == 0, p.second == 0.0

p = std:make_pair(4, 3.0);

Metadu {euymv 610U tunou opilovrat ot yvwotoi oxeotaxoi tedeotég ([ivaxkag 2.3).
IMa tov ipoodloplopd g oxeong Suo (euymv yiveral p@ia oUYKPLon TV PEAQV
first. Av 8ev eivat ioa, to anotéleopia g OUYKPLOTG ToUG Kabopilel Kat ) oxeon
0V euywv. AAAQG, 1 oUYKplon Tev second eivat autr) rtou kabopidet av ta {evyn
etval ioa 1 Toto eival PIKPOTEPO KAl IO10 PEYAAUTEPO.

5.1.2 Avukeipevo-Zuvaptnorn

®a ouvaviriooupe TTOAAEG (POPEG OTOV OP1OPO TRV containers kai, 1dlaitepa,
otoug aAyopibpoug, Vv £vvola £vog AVIIKEPEVOU TIOU Otav akoAouBsitat aro fe-
Uyog rapevhEoemv Pe Kavéva, £va 1] IEPI00OTEPA OPIlopatTd, EIMOTPEPEL KATIOW T1-
un oupnepidpépetat SnAadr) wg ouvaptnon. Auto xapakinpidetal ®g aviikeipevo-
ouvaptnon (function object 1 functor). Zwv amdr mnepimwon, eivatr amdd 1o
ovopa piag ouvdptnong. Tevikotepa, propet va eivatl avikeipevo piag KAAong
yla v oroia opidetat o tedeotg (() )* S9a doupe nwg oto KedpdAaio 6.

Me v oupnepidnyn tou header <functional> , n C+ mapéxel oto X®po
ovopatev std éva apiOpo arod nporaboplopéva avikeipeva-ouvaptroetg. Eivat
O0Aa templates kat 6éxovial @G povadikn MAPAPEIPO TOV TUMO TOU €VO§ 1 TRV
6U0 oplopdtewv rou da toug “riepdoet” o alyopiOpog rmou Sa ta XPnolpoo|oet.
Ta avukeipeva-ouvaptroetg divovtat otov IMivaka 5.1 padl pe wmv mpddn mou
extedouv. O 1pomog XpHong toug da rapouoctactei o€ eropeva edagia.



5.1.

BOHOGHTIKEYX AOMEX KAI XYNAPTHZEI>

Avtureipevo-Zuvaptnon

Enotpepopcvy tTipn

negate<T>() —napapetpogl

plus<T>() napdpetpogl + napaperpog2
minus<T>() napdpetpogl — mapaperpog2
multiplies<T>() napdpetpogl * mapaperpog2
divides<T>() napapetpogl / mapaperpog2
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modulus<T>()
equal_to<T>()
not_equal_to<T>()
less<T>()
greater<T>()
less_equal<T>()
greater_equal<T>()

napdaperpogl %riapaperpog2
napdpetpogl == rapaperpog2
napdpetpogl = mapaperpog2
napdpetpogl < mapaperpog2
napdpetpogl > mapaperpog2
napdperpogl <= rapdaperpog2
napaperpogl >= napaperpog2

logical_not<T>() I mapapetpogl
logical_and<T>() napdapetpogl && rapaperpog2
logical_or<T>() napdpetpogl || mapaperpog2

IMivaxkag 5.1: ITpokaBopiopéva aviukeipleva-ouvaptr)oets.

Ta rporaBoplopéva avilKeipleva-ouvaptroelg PItopouV va TPoTornotnfouv pe
) Ponbeta v mpooapuoyéwv (adapters), ITivakag 5.2. I1.x. to plus<T>() xa-
vovika otav tou §o06ouv 6U0 opilopata emotpéPel 1o ABpoiopd toug. Mropoupie
va TO TPOIOTTO|0OUHE MOTE TO MP®TO TOU Oplopa va eivat otabepod, .. con-
stval—kat €tot va §¢xetatl povo Eva dplopa—av 10 XPNOIOIOI|00UE PECA ATTO
1o std::bind1st() WG NG

std::bind1st(plus<T>(), constval)

FevikOtepa, Priopovpe va kabopicoupe otabeprn) Tir) yid 10 IP®TO 1) 10 Sevtepo
oplopa (av urdapxey yia oAa ta npoxkaboplopéva avilkeipleva-ouvaptroeig 1 va
dpdacoupe tov tedeoty (1) oto anotédeopd toug.

Emiotpepopevn Tipn
functor(value,parameter)
functor(parameter,value)
Ifunctor(parameter)

Ifunctor(parameterl, parameter2)

n ouvaptnorn function yiverat functor

IIpocappoysag
bind1st(functor,value)
bind2nd(functor,value)
notl(functor)
not2(functor)
ptr_fun(function)

[Mivakag 5.2: [Ipocappoyeig yla aviikeipeva-ouvaptr)oeis.

M ouvr)Ong ouvdptnon pe éva 11 6Uo opiopata pmopet va petatparei oe
AVUKE{PIEVO-OUVAPTNOT) (OOTE va PITOPEL va TIEPACEL OE TIPOOAPHIOYEQ) JIE T XPN o
tou ptr_fun()

5.1.3 Zuvaptioeig eAayiotou, peyiotou Kat evaddayng

~to header <algorithm>
Krat std::swap<>()

opidovtat o1 ouvaptroetg std::min<>() , std::max<>()

®¢ templates. Ot SnAcoeig toug givat ot €§ng:

nanespace std {
/I minimum of a, b
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tenpl ate <typenane T>
T const & min(T const & a, T const & h);

/I maximum of a, b
tenpl ate <typenane T>
T const & max(T const & a, T const & b);

II b <>a
tenpl ate <typenane T>
voi d swap(T& a, T& b);

O1 0p101101 TTOU AVTIoTO1X0UV OTI§ Iapartdve SNA®oelg yia tig min/max ouykpivouv
1a opiopata TV ouvaptoe®y pe Tov tedeoty (<) yla va mpoodiopicouv 1o pikpote-
po. MropoUv, €MOPEVRG, va XPNOornoinfouv e autnVv Vv arin popdr av o
unog T €Xel 0plOEL TOV TTAPATIAV® TEAECT)—KATL ITOU 10XUEL Yid OAOUG TOUG EVO®-
patopévoug turoug. Ba dovupe oto Kepalato 6 nog opidovral véot TUTIOL ATIO TOV
mpoypappatiot] Kat g kabopidetat n §pdon tov tedeotmv.

Tinv nepirtoon rou n kKAdon T dev meptdapBavel tov tedeotn (<) propoupe
va kaBopiocoupe 10 Kpttplo pe 1o ortoio da yivel 1) oUYKPL0T)] TV OPIOPAT®V OTIS
min/max g e§ng: Sivoupe g TPito dplopa £va AVIIKEIPEVO-CUVAPT O TO 0ol
béxetat 6Uo oplopata Kat ermoTpEdet T AOYIKY| T TG OUYKPLo1G ToUg (avadoya
e 10 Kpurjplo mou €xoupe 9eoey). Ot SnAwoelg tTwv min/max  yivovtat:

nanespace std {
/I minimum of a, b based on cmp(a,b) ordering
tenpl ate <typenane T, typenane Compare>
T const & min(T const & a, T const & b, Compare cmp);

/I maximum of a, b based on cmp(a,b) ordering
tenpl ate <typenane T, typenane Compare>
T const & max(T const & a, T const & b, Compare cmp);

}

Ia va yivouv katavontd ta napandve, ag dovpe pla mbavr) vdonoinon g
std::min<> |, oUpgevn pe ) 6nAwon rmou nponynonke :

tenpl ate <typenane T, typenane Compare>
T const & min(T const & a, T const & b, Compare cmp) {
return cmp(a,b) ? a : b;

O oplopog PBaoidetal oto 61 1 moodtnta cmp(a,b) mpénet va €xel vonpa kat va
ermotpégetl true 1 fal se av 1o mpwto dplopa eival 1§ dev sival “pikpotepo” (6,1
Kl av onpaivel autd) amnod to devtepo. H amaitnon autr) ikavoroteitat av to cmp
etvat kataAAnAa opilopévn ouvaptnon pe Srjdoon

tenpl at e<t ypenane T>
bool cmp(T const & a, T const & b);

EvaAAaktikd, 1o cmp propet va eivat aviikeipevo KAAong ot v ortoia €xoupe opioet
kataAAnda ) §pdon tou tedeotr) (() ), ontwg Sa Soupe oto Kepalrato 6.
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5.2 Zulloyég (containers)

5.2.1 Ewoayoyn)

Ot containers xpnotpornotouvial yia v arnofnkeuor Kat Staxeiplon ouAdoyov
aro aVIIKEPEvVa OUYKEKPLHIEVOU TUuTou. Kdabe container €xetl meovexktrpata Kat
HPEIOVEKTNIATA, OUYKPIVOHEVOL Kal HETady toug adAd Kal g IMPog T Hovadikn
avtiotoixn dour mou rapéxel evoopatopévn n C, 1oug rmivakes.

Ot containers Siakpivoviatl oe U0 YEVIKEG KATYOPIES:

O1 sequence containers sivat cUAAOYEG OTIG ortoieg KABe otoixeio £xel ouy-
KeRP1PEVn 9¢0n ®g mpog ta umddorta. Autr 1 oxetkr 9éon kabopiletat
KATA UV £10ay®yr TOU OTOIXEloU Kat elvat avedptnu) ard v Tiyr) tou.
I1.x. av ouykevipmooule évav aplOpo otokeiowv oe évav tétolo container
nipoobétovidag ta Sadoyxikda oto 1édog tou, Y9a arnobnkeubouv otov contai-
ner pe ) OUYKEKPIPEVN oglpd Tou elonyxOnoav. H STL meptdapBavet tpeig
KAdoelg Tou eivatl sequence containers: vector , deque xat list . Emu-
mAgov, To String  kat ot ouvrBeig rivakeg priopouv va Jepnbouv ot £Xouv
apoO}0ld XaPAKINPIOTIKA e TET010U TUTTOU containers Kat va Xpnotionot-
nOouv pe aparArolo TPOTIOo.

Ot associative containers sivat taflwounuéveg culloyég otig omoieg n 9éon
KdOe otokeiou e€aptdtat povo and v T Tou Kat kabopiletat amo KAmoo
rptrpto tagvopnong. H STL napéxetl 1i€ooeptg KAAoelg 10U givatl associa-
tive containers: set , multiset , map kat multimap

[Tpoo£dte nwg N avtoparn Ta§vopnor Imov yivetatl Katd v 10ay®yT] TV OTOXEIoV
oe éva associative container e onpaivel 6Tt autoi ot containers eivat 161kd
oxedlaopévot 1) ot povot tkavoi yia tagivopnorn. To onpaviko rmieovéRtnpa évavtt
TV sequence containers eivat n taxvnta otV €UPECT) CUYKEKPIPEVOU OTotyelou
Kabwg 1 akoAoubia oe autoug sival nén tadvopnpévn.

Ot containers eivat vdornoupévol og class template (§6.3). Kat ot 6Uo katn-
yopieg container §€xovial @g mp®T IAPAPETPO TOV TUTO IOV ITOCOTNT®V ITou Sa
anoBnkeubouv. E8ikd yia toug map xkat multimap 1mpénet va npoodiopiooupe
TOUG TUIoUg U0 TIOCOTHT®V. XTOoUg associative containers n emopevrn napape-
1pog Kabopilel 10 KPP0 P 1O oroio yivetat i tasvopnon. Eivatl o tomog evog
AVTIKEPEVOU-0UVAPTNOT) TTIOU akoAouBboupevo amnod §Uo opiopata evidg rapevOEoe-
@V ermotpedetl Aoykn ) (true/ fal se) av 1o mpoto oplopa eival “pikpotepo”
1) 0x1 aro 1o devtepo. H ouykekpiévn nmapdperpog €xel vV IPoKaABoplopévn
Ty std::less<T> (85.1.2) wote ot OUYKPLON VA XPNOUIOIOETAL O TEAEOTHG
(<). M tedeutaia rtapaperpog, oty oroia 8 9a avapepboupe, oxetidetal pe
dlraxeiptlon tng pvnung Kat €xet PoKabopPIoPEVE TIT.

Ta va yivel 51abéopog €vag container oe KATO10 TTPOYPAPA TIPETEL VA YIVEL
n ouprniepiAnyn tou avtiototyou header: <vector> , <deque>, <list> , <set>
(yra set xarmultiset ) xkat <map> (yia map xatr multimap ). Ag emavaAdaBoupie ot,
onwg 0An n STL, ot containers opiovtatl oto xopo ovopdtwv std .

'‘Eva onpaviko xapaKtnplotiko v containers eivat ot kavouv dvvauikn ia-
Xelplon pvnung, aviopuara. Auto onpaivel neg, XeEig tmv napépbaon tou Ipo-
ypappartiotr), ot 9€0e1g Pvrpng Imou KataAapBavouy propouy va augdvouy 1y, ot
OPLOPEVEG TIEPUTIWVOELG, VA PEIOVOVIAL OOTE VA X®POUV Td OTO1XEld ITOU arnoteAouv
KABe otypn) 1 oudAoyr).
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Oplopdg container

[Mapdaderypa 6nAwoswv ouykekplpévey containers eivat o akoAoubog KO-

Kag. Xe autov opiletal pua petaBAnt) ¢ og (apykda Kevo) set axkepaiov kat pia
petaBAnt v og Kevo vector  piyadikov aplbpev:

#i ncl ude <set>
#i ncl ude <vector>
#i ncl ude <complex>

std:;set<  int> c;

std::vector<std::complex< doubl e> > v;
/l use ¢, v ...

[Tpooédte 10 Kevo PETA§U TV > OTOV OPLOPO TOU V' €ival avaykaio yla va pnv
eppaviotel o tedeotng >>.

Ag rapaBeooupie KATO10UG YEVIKOUG TPOITOUG OP101I0U, KO1VOUG Yid 0A0UG TOUG

containers:

'Eote cntr évag ortotoodr\rote tunog container (vector , list , map,...). Ztoug

MAPAKAT® OPLOPoUg, 10 <T> aviupoo®IieUsl OUAAOYIKA Ti§ KAtdAAndesg mapa-
pétpoug tou template kaBe container (tUrog otoixeiwv, KPP0 TA§VOPNONG,

KATT.).

H &nAnon

cntr<T> cl;

opidet 10 ¢l wg éva Kkevo cntr.
O kwdikag

cntr<T> c2;

/1 Aill c2 ...

cntr<T> c¢3(c2);

opiletl 10 €2 wg éva apXKAa Kevo cntr, elodyet otoixeia oe autd (Ya oupe
MAPAKATE MeG) Kat Snpioupyet 10 3 g avtiypago tou c2, OToIXEI0 TIPOg
otoixeio. Ta c2, c3 mpéret guokd va eivatl i6ou tirou. I[Ipooédte ot o
Tunog reptdapBavel Kat 1§ apapérpoug tou template.

'Evag 1pitog Tpomog oplopou Xpnotponotel v évvola tou iterator. 'Etot,
av .. beg, end etvat &vo iterators (“Geikteg”) otov ido container pe tov
beg va un “éeiyver” ueta tov end, propoupe va dnpioupynooupe évav aAlo
container (6xt amapaitnta tou idou TUIOU), avilypddoviag oe auToV TO
THNHA TRV OToIXEI®V TOU apX1KoU petadu tov Yéoewv [beg,end):

cntr<T1> c4;
/I fill c4 ...
/I set beg, end on c4

cntr<T2> c5(beg,end);
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/I creates ¢5 by copying the elements of c4
/I from 'beg’ to (one before) 'end’.

Zto napadetypa autd, ta T1, T2 dev eival anapaitnta 10codvvapot turot
apKel va propouv aviikeipeva tirou T1 va petatparovv oe T2. 'Etot av
r.X. T2=doubl e, propoupe va éxoupe T1=i nt (kaBwg opidetatl n) petatrpornt)
i nt oe doubl e) aAAda ox1 T1=std::complex<  doubl e>.

Ag avagpepbel ed® OTL yla TOUG EVOROUATOUEVOUG TTivaKeG—TtapOAo 1mou dev
£xouv 0Ad Ta XAPAKIPlOTIKA TV containers—popoupe va XPnotponojooupe
toug ouvnBelg Seikteg yia va opiooupe “Sraotrjpata” iterators omou xpeiddovat
autd. 'Etol priopoupe va Snpioupyooupe Y. vector ard €va rmivaka Xprnotio-
MO1MVTAG TOV TEAEUTAIO PNXAVIOHO OGS £§1G:

#i ncl ude <vector>
doubl e a[5] = {0.1, 0.2, 0.5, 0.3, 7.2}
std::vector< doubl e> v(a, at+b);

BuunOeite (§4.3) o011 10 dvopa evog rivaka eivatl Kat §eiKng 010 IIPOTO OTOIXEI0
T0U eV 1 TIPO0Oeon £vOg aKepaiou N 0 AUTO TO Ovopd Pag Petapépel n Seoelg
peta. ‘Etot, 1o a eivat éeiking oto al0] evo to a+5 deixver oe pia 9éon peta 1o
tedeutaio otoieio mou eivat to af4] .

Erurmiéov tov apandve, Urapxouv Kat aAAot 1porot yia SHA0on pe tautoxpo-
v anodoor apXIKOV TIHOV, CUYKEKPIPEVOL Yia Kabe container.

Kowvég ouvaptnoeig—péAn tov containers

‘OAot o1 containers map€yxouv oploéveg KOWVEG ouvaptoelg-PéAn. Avapeod
toug eival autég nou mapouotddoviat otov ITivaka 5.3. Ilpooéfte 6t o reverse
iterator rbegin()  Yewpeital nwg sivatl mpw tov reverse iterator rend() - o ouv-
duaopog teov 6Uo xpnouevet oto va Statpexoupe Eva container avdotpoda.

Zuvaptnon Emotpedopevn tpn
size() To mAn6Bog twv otoyeinv
empty() true/ f al se av o container eivat kevog 1 ox1
(loobUvapn pe size()==0  aAAd mbavov 1o ypryopn)
max_size() To péyioto duvatd nAnbog otoixeiwv
(xkaBoptgopevo aro v vdoroinon)
begin() iterator otn 9¢on tou MpwIOU OTO1XEIOU
end() iterator oe pia 9éon perd 10 tEAeUTaio otoiXeio
rbegin() reverse iterator otn 9¢or tou tedeutaiou otoixeiou
rend() reverse iterator oe uia 9éon mptw 10 MPOTO oTOLXEIO

[Tivakag 5.3: Kowég ouvaptrioeig-1néAn tov containers tg STL.

H rAfjon ToV ouvaptioeav-peAaV yia £€va CUYKEKPIEVO container yivetat pe
tov tedeotr] () petadu tou ovopatog tou container Kai tng ouvdaptnong (pe ta
opiopatda mg). 'Etot 1.X., 10 mMAN00g tev oTotxeiwv evog vector  1ou eivat oplopa
plag ouvaptnong Pploketal Orwg oto MApaKATe rapddeiypa:
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voi d f(std::vector< double> & ¢) {
std::cout << "Size _of _argument _is " << c.size() << '\n’;

—

}

Ta 6vo petaBAntég idov tumou container opioviatl o1 OXeo1AKOl TEAEOTEG ==,
1=, <, >, <=, >= pe ) yvootr) eppnveia toug. H 1o6tnta §vo containers onpatvet
ot €xouv 1o 1810 mAnBog otoyeinv, pe v ida oegpd kat tpn. H évvola tou
“likpotepou” 1) “peyadutepou” kabopiletal Aslucoypapurd:

1. n ouUykplon yivetal otoixelo pe otoiXeio €ng O0tou Ppebouv aviiotolxa otot-
Xeta avioa. To armotédeopa g OUYKPLOoNG TOUG ivatl 1 T g oUYKPLlong
TV containers.

2. av 0Aa ta otoikeia eival ioa, téte 0 container pe ta Atydtepa eivat “pikpote-
pog”.

3. alAwg ol containers eivat ioot.

Tpomnomnoinon container
E10aywyr) 1) Tporonoinorn otolXeiov oe oro1odnrote container yivetal og e5ng:

Me avabeon ano addo container, i61ou turou:
cl = c2;
Ta apxkd otorxeia tou ¢l oBrjvovial kat aviypadoviat ot 9¢on Toug ta
otoxeia tou 2. To péyebog tou ¢l mpooappoddetal MOoTe va XWPETEL aKPBOS

1a otoikeia tou c2. H dwadikaoia autr) propet va eivat apketa xpovoBopa
0€ OX£€01 1€ TOV EMOHUEVO UNXAVIOHO.

Me evaddayn otoxelov pe container idiou tirnou ypnowponowmviag ) ou-
vaptnorn std::swap() tou <algorithm>

std::swap(cl,c2);

1] T ouvaptnon-pédog swap() , rmou, mbavov, eivat o ypnyopn :

cl.swap(c2);

Me ) ouvdaptnon-pédog insert()

c.insert(pos, elem);

Me autr) yivetal eloaywoyr) avitypdpou tou elem oe 9¢on rou kabopiletat (yia
sequence containers) n mpoteivetat (yia associative containers) and tov
iterator pos. ®uunbeite 611 oe associative containers n 9¢on tou otoixeiou
KaBopiletal povo amod Vv T 10U 0 0X€0N HE Td 1dn urapyovia otoyeia
Kdl, eMOpéveg, Propoupe va urodeioupe povo v mbavyy 9éon ya va
yilvel o ypnyopa n ewoaywyr). H emotpedopevn tpr eivat iterator otn
9éon tou véou otoikeiou. Ilapatnpeiote ot pe ) ouvdaptnon insert()
yivetatl eioaywyn kat 0xt avikaraotaon otolXeiou.

Awaypagr) otoixeiov yivetat:

Me 1) Xprjon g ouvaptnong-péloug erase()
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c.erase(beg,end);

Me v apanave kKAnon dtaypagovial ta ototxeia pe iterators oto “Graotn-
pa” [beg,end) (anatteital, BéBata, 1o “Sidotpa” va pnv eivatl kevo). Av o ¢
elval sequence container ermotpéget iterator oto £moPevVo OTOXElO £VR Yia
associative containers 6ev ermotpédet Tirote.

Me 1) ouvaptnon-pédog clear() . Autr) apaipet 6Aa ta otoryeia aprvoviag
Kevo tov container. “Eruotpéget” voi d:

c.clear();

[Tépa amd autoug, KABe container mapéxet Kar AAAOUG PNXaviopoug yila Ipo-
oréAaon Kat PetaBoAn TV OTolXEi®V Tou.

Iterators

'Onwg yiveral KAtavonto aro ta MAPArdve, 1 E0Ay®YIKN EPypadr) TV
iterators eivat anapaimn yla v Katavonon rmoAAov depdiov rou oxetioviat pe
Toug containers.

'Exoupe avagépet wg o iterator cupnepipépetal oe peyado fabpo wg deiking
napodo rou Srapépet wg Evvola. H avadoyia iterator kat deiktn rmou ouvavirnoape
otV anodoor apXKOV TIHOV Ao Iivakd, €VioXUETdl aro 1o ot 11 6pdocn Tou
tedeotn) (*) oto ovopa evog iterator pag 6iver mpoéoBaon otnv OCOTNTA TNV ortoia
autog Seixvet. ‘Etot, n moodtnta *it  eival n T tou otoiXeiou evog container
mou PBpiloketat ot 9éon pe iterator it.

Kat avuiotoiia pe toug otabepoug pointers opidovrat ot otabepot iterators. Te
avtifeon pe toug deikteg, OPwG, €vag iterator dev propet va e§ayOet pe m Spdon
tou (& oto ovopa piag petaBAntg. IIpoodiopiletal and v ermotpepopevn) Tun
adyopibpev g STL 1) cuvaptroenv-pedov tov containers. Mia rooowta, 1.X.
it, propei va optotel wg iterator yia éva container (rt.x. vector ) og €§ng:

std::vector< doubl e>:iterator it;

i

Iterator péowm tou omoiou dev propei va addddel n wpn ot 9éon mou “deixvel’
opiletat wg e&ng:
std::vector< doubl e>::const_iterator it;

Kat otig 600 napandve dndooetg, o it propet ermrdéov va ripoodilopiotetl wg const .

Avagpépape nmapanave TG ouvaptioeig-péAn rbegin()  katrend() kabe con-
tainer. Autég ermotpepouv avaorpogo (reverse) iterator. O tUnog autdg (rou
otV IPAypatkotnIa £ival mpooappoyeag) mapexetat ano kdbe container xkat
Xpnowporoteitat yia va Siatpéfoupe avdotpoda toug containers. Mropei va xpn-
owonowBel orou ypeladetat iterator. AnAworn té€tolou iterator m.x. yia vector
yivetat g e€ng:

std::vector< doubl e> v(10);

std::vector< doubl e>::reverse_iterator rit = v.rbegin();

Erurméov, urdpxet Kat o TUrog const_reverse_iterator yla avaotpogoug ite-
rators rou v Propouv va petaBalouv v T ot 9éon oty ornoia deixvouv.

Avo Baoikég Katnyopieg iterators pag evéiadpépouv:
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Ot random (tuyaioi) iterators, cuprniepipépovial akpBwg Omwg ot deikteg:
0,11 yvopidoupe yla AoyikéG oxEoelg Kal aplOpntiky 1KtV 10XUEL KAl yid
autoug: UITOPOUHE vd TOUG OUYKPIVOUHE [IE TOUG YV®OTOUG OXEO01AKOUG Te-
Aeotég (ITivakag 2.3), n éEkppaon) ++it  1powbei Tov it otnv emopevn Séon, n
pooBeon evog aplbpou ot €va iterator autng g Katnyoplag pag petapepet
100¢eg Y¢oe1g mapakatw, n dapopd duo random iterators mou Seixvouv otov
1610 container eivat 10 mAnBog eV eviidpeomv otolxeimwv, kKok. Ot iterators
TV vector kat deque avrkouv o€ autn v Katnyopia.

Ot bidirectional (600 kateuBuvoenV) iterators xouv oplopévoug meplopt-
opoug:

1. propouv va ouykplBouv petady Toug PHovo yia 100t ta 1 avioot|td pe
toug tedeotég (==) kat (I=).

2. propouv va npombnbouv 1] va UnoX®Proouv povo Katd éva Pnua, e-
rurpénetat dndadr) to ++it 1 1o -t (kat, BeBaia, ta it++  watvit- ).
Aev propoupe va agpaipécoupe €va bidirectional iterator aro dAldov,
oute va tou rpocbécoupe apOpo. Ot iterators tng list  kat twv asso-
ciative containers avrkouv oe autr] v Katnyopia.

IMa va propoupe va ypdpoupe Kod1Ka YEVIKO, ITOU va 1oxUel yla §1adpopoug con-
tainers, n STL ntapéxet oto <iterator>

) oUVAPTNOoN

voi d advance(lterator it, Difference_type n);

4IoU n MoodTINTa aképatou turou.! Av o iterator it eivai random, n KAfjon
g woduvapei pe it += n; . Av eival bidirectional 1co6uvapet pe n d1ado-
XIKEG KANoelg tou ++it  (avn>0) 1 it  (av n<0).

) ouvAaptnon

Difference_type distance(lterator itl, Iterator it2);

Ot itl, it2 eivat iterators i61ou turou mou 6eixvouv otov 1610 container.
Av givat random eruotpéget to it2-itl eve av eivat bidirectional au§avet
tov it]l éwg Otou yivel i00g pe it2 Kat ermotpédel 10 TANO0G TOV AUSHOERV.
IIpogpavwg, mperet oty tedeutaia mepintoon o itl va pn Seiyvel peta tov
it2.

5.2.2 vector

MetaBAntr) TUTIoU VeCtor — EITPEIEL TNV TUXAia IIPOCTIEAACT] TV AVIIKEIIEVOV
rou riepiéxetl. ‘'Onwg Kat oe KABs sequence container, ta otoixeia arobnrevovat
pe m oglpd swoaywyng toug. ‘Eva vector  elvar daitepa katdAAndo yia v
POOONKI OTolXelwV oto T€Aog Tou. Avtifeta, n €10aywyr] o€ Omolodnmote AaAAo
onpeio tou, ermrpénietat pev addd eivatl mo apyr), Atyotepo 1 reploootepo. Auto
oupBaivet yla tov €8ng Adyo:

To péyeBog g pvrung rmou katadapBavet éva vector  augavel avtdopata Katda
Vv PooBrKn oTo1XEinV 0TIOG Kat oe Kabe dAAo container. 'Opwg, ta otoixeia Tou

! std::iterator_traits<Inputlterator>::difference_typ e.
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etval anapaimrto va Ppilokovratr diadoyuca oty Pvhpn tou ouotrpartog. I[potn
OUVETIELD AUTOU £ival 0Tl 1] ArOIEPA E10AYRDYG OTOIXEIOU 010 “e0RTEPIKO” 1] OV
apxt Tou vector rmpokalei petakivnon pe aviypadr Atyotep®@Vv 1) IIEPLO0OTEPRDV
oto1XEiOV wote va dnpioupynOel Xdpog. AeUtepn ouvernela ival MG av o THNPA
G PVIING Tou d1atédnKe amod 1o Ae1ToUpyLKO cuoTnpia o €va vector  Sev emapket
yla v €10ay®yn otoixeiou oroudrrote, yivetat aviypadt] 0A4ov 10V OTOIXEIDV,
padl pe to mpootiBépevo, oe VEO, PEYAAUTEPO. Xe AUV TV IMePimteor, oAot
ot deikteg, iterators kat avagopég rmavouv va 1oxvouv Kabmg ouvdEéovial pe to
naAaid tpnpa.

ZUpnepacpatika, n auvtopatn dwaxeipion mg rpoobrkrng otoixeiov Sivel oto
Vector Oonpavilko MAEOVEKTNHIA £VaAVTlL TOU EVOOPATOPEVOU THvaka Xopig va u-
otepel kaBoAou oe tayvnta.

H xpron evog std::vector npounobetet ) ouprnepiAnyn tou header <vector>

Oplopog

H xAdon vector mapéxel S1dpopoug Pnxaviopoug yid 1oV 0plopo TT0COTH IOV
He tautoxpovn anodoon apxikng tpng. ‘Exoupe 1n6n 6et kanowoug and auvtoug
yla mAnpotwta 9a toug enavaddBoupe pe ouviopia.
H evtoAn

std::vector<T> v;
Snuoupyet €éva kevo vector
H evtoAn

std::vector<T> v(N);

opidel 10 v @g éva vector pe N 9éoeig yla avukeipeva wrnou T. 'Ofa
najpvouv apxwkn tun T() , v mpokadopiousvn yia tov twno T. Av o T eivat
EVOOPATOPIEVOG TUTTOG, 1) Iipokabopiopévn Tar) eivat O (§2.2).

H evtoAn
std::vector<T> v(N, elem);

opilel 10 v g éva vector pe N avilypapa tou avuxkeipévou elem. Eivat
anapaiinto, BéBaia, to elem va propet va petatpartet otov turo T.

H evtoAn

std::vector<T> v1(v2);

Snuoupyet 10 v1 wg aviiypado tou v2.
H evtoAn

std::vector<T> v(beg,end);

KATAaoKeuddel 10 V avitypdpoviag ototyeia aro to turpa petadu tov iterators
beg kat end.

H xAdon vector meptdapBavel og péAnN dU0 oUVAPTIOEIS OXETIKEG PIE TO PEYe-
Y0g plag moootnTag TUTou vector  ermrmAéov v Kowvev size() , empty()  kat
max_size() r1ou meptypayape non:
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H capacity() ETTIOTPEPEL TO PEYI0TO duvatd ANO0G oToXEi®V TTIoU PIopet
va aroBnkeubet otn petaBAnty) ya v oroia kaldeitat Xwpig va xpelaote-
1 petakivnon tou vector oe daAddo tpunpa pvaung pag divel, dndadn, to
61aBéoio xopo ) otypn g KARong.

H reserve()  Seopeuel 1060eg ouveyopeveg 9oelg 0oeg Kabopidel to dplopa
mg. Av auto eival peyaAutepo aro 1o 61a0£0110 XHPo IPoKalet ) petapopd
Tou vector oe katdAAndo tpfpa pvapng. H ouykekpiévn ouvdptnorn e
6ivel apyxiky) tipn otg deopeuopeveg Séoelg kKat oute aAAddel o peyebog tou
vector . '‘Otav, enopéveg, yvepioupe to mAnbog N tov otoikeiov tunou T
ou Ya €xetl éva véo vector  adAd Ox1 akopa TG THEG TouG, ival TPOTIPOTEPO
va 1o SnAoooupe &g £ENg

std::vector<T> v;
v.reserve(N);
Kat va akodouBnjoouv N kAnoeig g push_back() , mapa og

std::vector<T> v(N);
Katl va kavoupe avabeon ota otoxeia v[0] , v[1] , ..., V[N-1]

IIpooO1ky otolxeicov

[eprypawape 1181 TOUg KOWOUG PNXAVIOPROUG PE TOUG Oroioug ripoobEtoupe
otoiyeia og éva ortolodrnote container petd tov oplopd tou. Oa toug ertavaddBou-
e pe ouviopia €86 kat 9a Toug CUPITIANPOOCOUE Yla vector

H evtoAn
vl = v2;

aviypdget 6Aa ta otoixeia tou v2 oto v1 Kataotpedoviag td apXiKa.

H evtoAr
v.assign(N,elem);
KATAOTPEPEL TA OTOLXElLd TOU V Kat ewodyet N aviiypada tou elem petatpemnov-
14G 1A, av Xpetddetal, oTov TUTO TV OTOXEIDV TOU V.

H evtoAr
v.assign(beg, end);
KATAoTPEPEL TA OTOLXEla TOU V Kal £10AYEL Ta OToiXela evog adAou container
(1 kat evoepatepévou mivaka) pe iterators petadu tou beg kat pag 9éong
npwv 1o end. Na enavaldBoupe ot mpounobeon eival ot beg kat end va
avagépovtal otov 1610 container, ta OTolXEld TOU OIOIOU va PITOPOUV va
PETaTpaioyv oTov TUIO T®V OTOIXElV ToU V Kat o beg va pn “deixvel” petd
tov end.

Ot evioAég

v1.swap(v2);

f
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std::swap(vl,v2);

evadAdooouv ta otoikeia v v, v2.

H evtoAn
v.insert(pos, elem);
tortoBetel mpwv ) 9¢on mou “Geixvel” o iterator pos, éva aviiypagdo tou elem
Kat ermotpépet iterator otn 9€on tou véou otoixeiou.

H evtoAn
v.insert(pos, N, elem);
tortoBetel, rpv ) 9¢on nou “deixvel” o iterator pos, N avtiypagpa tou elem,
eve Sev ermotpédet tirtote. H eloaywyn moAAov avuypddev evog ototxeiou

yivetat Imo ypryopa He T OUYKEKPLHIEVI] OUVAPTNON-PEAOG TTapd Pe TToAAa-
A£G KATOE1G TG TIPONyOUpEvVNS.

TToAAarAn) £10ay®Y1) OTOIXEIDV EMITUYXAVETAL EITIONG P T KANon tng insert()
e opiopata iterators:
v.insert(pos, beg, end);
Me avutr), tortobstovviat riptv ) 9€on iterator pos, oto vector v, ta otoixeia
oto “Sidotnua” petadu v iterators beg (meptdapBavopévou), kat end (un
nieptAapBavopévou).

H evtoAn
v.push_back(elem);
KAt £ival o o anoteAeopatikog Kat ouvnBeotepa X P OTHOITOI0UHIEVOG TPOITOS

yla e10ay®yn evog ototxeiou elem kabwg 1o torobetei oto téAog Tou vector
Aev eTuOTPEPEL TIPT.

H xAnon tng ouvaptnong-péloug resize()  mpoxkalei eloaywyn 1 daypadrn
otoixeiov. Aev eriotpéget tirmote. H evioAr)
v.resize(N);
aAdddel to AnBog v otoikeiwv tou v oe N Staypdadoviag aro 1o T€A0g 1
nipoobEtoviag ekel otoixeia. Zinv tedevtaia mepinmmeon ta véa ototxeia mou

gloayovial £€XoUVv Vv IPokaboplopévr) TP yla tov Turno toug. Me deutepo
oplopa, dnd. pe v eVIOAT

v.resize(N,elem);

1a TuxXOV véa otoixeia eivatl aviiypaga tou elem.
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Awaypag1] oToLXEi®V
Alaypadr| otoixei®v evog vector  yivetat:
Me tn) Xprjon g resize()  mOU MAPOUCIACTNKE MAPATIAVE.
Me 1 Kot ouvaptnon-pélog clear()

Mze 1 ouvdapton-pédog erase() . 'Onwg woxvet yia KaBe container kat n6n
neptypdyape, 1 KAnon mg propet va yivet pe “diactnpa” kabopidopevo arno
iterators

c.erase(beg,end);

EvaAdaktuikd yla sequence containers, priopoupe va diaypdayoupe 1o otot-
xeto ot 9¢on mou npoodiopilet évag iterator, €0t o pos:

v.erase(pos);

Kat otig 800 meputtooeig n ermotpedpopevn Tn ivat iterator oto emopevo
otoixeio.

e avuotoyia pe v push_back() 1 ouvapinon-pédog pop_back() , xopig
Oplopa Katl eroTpePOPevn) T, diaypddet 1o tedeutaio otoixeio:

v.pop_back();

[Tpoo£te o1 KAOEe e10aywy™ 1) Siaypadr| OTo1XeIOU AKUP®VEL OAEG TIG AVAPOPES,
toug beikteg Kat toug iterators oe otoixeia pera ) 9¢or mou €yve n TPOIONOINOT).
ErurmAéov, av n e10aywyr POoKAAeoe ) PETAKivNon Tou Vector o peyaiutepo
TUNHRA Pvnung, akupovoviatl oot ot deikteg, avapopég kat iterators.

IIpoonéAaocn OTOLXEIOV

[TpooriéAaor Kat enopéveg, duvatdtnta PetaBoAng 1V PHEPHOVOUEV®V OTOXEIOV
evog vector  yivetat g €§1g:
Me 1) Xprjon aképalou Seiktn petadyu twv aykudav ([ ) onwg akpiBog otoug
EVOOUATOPEVOUG TTIVAKEG

std::vector< doubl e> v(3);

v[0] = 1.0;
v[1] = 3.0;
v[2] = Vv[1] + 5.0;

Me 1) Xprjon g ouvaptnong-pédoug at() pe aképaio dplopa. To mpaoro,

beutepo, Tpito,. . . otoxeio tou vector  veivartov.atf0] ,v.at[l] ,v.at2] ,....

[Ipooélte Tiwg 1 S1adopd ard v MPONyoUHEVH) MEPIMIOON £ival 0Tt av to
optlopa eivat €€e aro to didotnpa [0:v.size()-1] Slakorttetal n eKtéAeon
10U mpoypdppnatog.? O anattoUpevog £AeyX0g OTNV TIHT TOU SeikTn £Xel @G
arotéAeopa va £ivat mo apyy 1 mpooBacn) art OTt Pe 1§ AyKUAEG.

2Aut6 oupbaivel kaBog Sev “culdapBavoue” v “efaipeon” rou mpokalei n ouvaptnon at()
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Me tig ouvaptiioeig-péAn front()  kairback() . Autég eruotpédouv avadopa
OT0 TIPWTO KAl TeAeutaio otoixeio aviiotolxa Xwpig, Opweg, va eAéyxetal n
urnapdr) toug.

Me 1 §pdon tou tedect){) o ovopa iterator. IpooéSte 6t av eivat turou
const_iterator 6ev priopoupe va petaBaloupe tyv T ou deixvel addda
povo va ) daBdacoupe.

IMapadeypa:
Anpoupyia, avuypagn KAl IpooréAaocn) vector propet va yivel @g axkolo-
U0wg:

#i ncl ude <iostream>
#i ncl ude <vector>
#i ncl ude <cstddef>

i nt
main() {
std::vector< doubl e> v(10);
/l v = {0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0}

/I assign values
for (stdisize t i = 0; i < v.size(); ++i)
v[i] = 4.0 * 0 xi;

std::vector< doubl e> v2(v);
/Il v2 is a copy of v

/I append more values to v2

std::size_t const size = v2.size();

for (std:size_t i = size; i < 2 *Size; ++i)
v2.push_back(4.0  *i *i);

/I print v2
std::cout << "v2 Lis\t";

for (std:vector< doubl e>::const_iterator it = v2.begin();
it 1= v2.end();
++it)
std::cout << *it << 7%

]

std::cout << \n’;

HMapatfipnon H eieibikevon std:vector< bool > &xe1 apketoug meplopiopo-
Ug ot xpnon g (6ev eivar container kat dev mepiExet bool !). IIpotuurote to
std::bitset 1) to std::deque<  bool > 13 oupBouleuteite 1 PBAoypadia (rt.X.
[1], oeA. 158, [2], og). 41-45, [3], item 18) av ) Xpelaoteite.

5.2.3 deque

O turog deque (double-ended queue) ivat og peyado abpo opoiog otig Suva-
101TEG pe o vector . Eivat sequence container kat, orwg éva vector , erutpérnet
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Vv TUXaia mpooTieAacn T®V AVIKEIPEVEV TTou teptEéxel. H Siapopd toug eivat ott,
o€ avtibeon pe To VECtor  Iou ermIpErnel tayxutaty el.0aynyr) 1 diaypapn otoryeiov
pévo oto tédog tou, 1 deque mapéxetl autr) ) duvatdtnta Kat otg dUo AKpeg G.
H eloayoyn oe onpeio paxkpid amo ta akpa eivat apyr|, Atyotepo 1) IEPLoCOTEPO.

H xpron pag std::deque  mpoUnobetet ) ouprnepiAnyn tou header <deque> .

H deque ouvriBwg dev arobnkevet ta otoixeia o€ £va eviaio THHPA Pvipung ai-
Ad oe TIOAAG Koppdtia. Auto €XEl1 @G OUVETIELD VA TIAPOUCLALEL THO apyt| rpocBaon
ota otoixeia arr’ 6,1t éva vector  aAAd Kat 1o MAEOVEKTNIA va P Xpetadetal peta-
Kivnon Kat aviypadr rmoAdAov otolyeiov Katd v e10aymyr) HaKpld ano ta akpda.
EruriAéov, 1 OUYKEKPIIEVE] OPYAVROOT] TG PVIING EMITPEEL OX1 LOVO va augavet o
AAITOUPEVOS XOPOG aUTOPaTd, ON®G Yivetatl oe éva vector , adAd Kat va petdve-
1at. ZNPEDote 0Tl aUTdg 0 KATAKEPHPATIONOG £ival E0MTEPIKOG KATA T XPNON NS
n deque oupmnepipépetal oav va anobnkevel ta otoxela Stadoykd otn pvhpn.
Ermopéveg, avedaptnta anod tg AEMOPEPEIES TG UAOIOINONG g, 1 auvdnorn e-
VoG iterator katd éva pag PETtapEPel 0T0 APEORG EMTOPEVO OTOIXELO, OITOU KAl va
Bpioketal autd ot pvhun.

H katakeppatiopévn pvhpn oe pia deque Sev erutpérniel oto Xprotn mg va
€XEL TOV €AEYXO0 TIOU €Xel o€ €va vector . H kAdon 6ev mapéxetl 11§ ouvaptioeig-
péAn capacity() rat reserve() mou ouvavijoape oto vector . Kabwg dev
prnopoupe va yveopidoupe mote Sa xpelaotei petakivnon otoixeiov (kat rmowwv) Sa
npénel va dewpoupe Ot 1 eloaywyn 1 Siaypadry oe Orolodnrote onpeio piag
deque axrupwvel 0Aeg TIS avaopeg, toug Oeikteg Kal Toug iterators oe otoiyeia
mg. Efaipeon arotedel n ewoaywyrn oty apxy 1 oto t€Aog' auty diatnpel 1g
avapopeg Kat toug deikteg (@AAa o1 toug iterators).

Me v edaipeon v capacity() rat reserve() , OAEG Ol OUVAPTIOELS TTOU
avapepbnkav oto vector rmapéyoviat kat and ) deque . EruumAéov, undpyet n
avapevopevy oupriAfpeon pe tg push_front() (eloayeyr) ototxeiou otnv apxr)
rat pop_front() (Braypagr) Tou mP®ToU ototXelou), oe MANPN aviotolyia pe TG
push_back() xat pop_back()

Mapadewypa:

'Eva ntapadetypa oplopou Kkat xprjong g deque eivat to akoAoubo. Aokiprdote
va 1o ektedéoete. [1poogdte ) S1aPpopetikyy oUPEPIPOPd G avaPopds Katl Tou
iterator katd v e10ay®yr) otolXeimv.

#i ncl ude <deque>
#i ncl ude <iostream>

int
main() {
std::deque< int> d; // d is empty

for (int i =0;i!= 10; ++)
d.push_front(i);
/' dis : {9, 8, .. 0}

int & r = d.front();

std::cout << "front _element _is " << r << \n’;

—

std::deque< i nt >:iterator beg = d.begin();
std::cout << "front _element _through _iterator _is "

—
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<< *beg << \n}

for (int i = 10; i != 10000; ++i)
d.push_front(i);
/I dis : {9999, 9998, ..., 0}

/I THE SAME AS BEFORE INSERTION
std::cout << "front _element _is _

—

"< << ,\n’;
/I NOT NECESSARILY THE SAME AS ABOVE

std::cout << "front _element _through _iterator  _is _
<< xbeg << \n;

5.2.4 list

H vloroinon g list , tou tpitou sequence container nou napéxet np STL,
etvat oAU dagopetikn art O,t1 v vector kat deque. Xin list ta otowxeia
anoBnkevovial oe mMOAvOg AroOpovopEévad TUNpAtad pvipng to kabéva, padl pe
Vv mAnpodopia (ocuvnBwg oe PopdPr| SEKTOV) yla T 9€0n TOU EMOPEVOU KAl TOU
PONYyOUHEVOU ototXeiou, Zxnpa 5.1.

—_ = b = = s

-— ] ]  |— ]  |e— (e e

Zxnupa 5.1: Aopn list

H ouykekp1pév £00TEPTKT) SOOI TTAPOUOIALEL TO PEIOVEKTNIA, EVAVTL TV VEeCtor
rat deque , 011 Hev eTUTPETIEL TUXATA TIPOOTIEAAOT] TRV OTolXElwV. AviiBeta, TPETel
va petakivoupacte 81adoyikd and 1o éva otoixeio oto AAAo £mg 6tou @tdooupe
oto {nrovupevo. H dadikaoia autn eivat BEBata o apyr), Atyotepo 1) EPLo0OTEPO,
ano v rpooBaoct) ou rapexouv ot aAAotl sequence containers (rou eivat oe ota-
Oepod xpovo). 'Exel, 0pmg, £€va onpavilko MAEOVEKTNIA : 1) TIPOoONK 1] Staypadr)
otoixeiov oe oroodrote onpueio piag list  eivat 1o 1610 ypnyopn xkabwg arattet
addayég dektwv (Exnpa 5.2) kat oxt aviypadr) otoixeiwv. To ot 6e yivetat peta-
KiIVN o1 OTOIXEI®V £XE1 @G OUVETTELA TIOG 01 AvapopEg, ot deikteg Kat ot iterators oe
otoixeia g e xavovrat mote.

—_— > > ™ >

- —] | [t | —

!

Zxnpa 5.2: TMpoodnkn oroxeiwv oe list
H xpron tng std::list nipounobetet ) oupnepiAnyn tou header <list>

Oplopodg

Optopog piag list  yivetatl pe toug yveootoug TpOItoug anod toug aAAoug seque-
nce containers. IapatiBevial xwpig 1diaitepo oxoAtaopo.
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std::list<T> c; : Anpoupyet kevr Alota.

std::list<T> c1(c2); : Anpoupyet Aiota, avilypado dAAng.

std::list<T> c(N); : Anpoupyet Alota N otoryeiov pe tmv mpokabopt-
opévn tpn.

std::list<T> c(N, elem); : Anpoupyet Alota aro N aviiypaga tou e-
lem.

std::list<T> c(beg,end); : Anpoupyet Alota ano ta otorxeia oto &t-

aotnpa [beg,end).

IIpooO1nkn otolxeicoVv

Ao v KAdon list  mapéyoviat ol avapevoPEvol NnxXaviopol yia ty mpo-
00rkr) otoixeiwv:

cl = c2; : Avuypdget ta otoixeia g c2 otn ¢l Kataotpédoviag ta apxiKd.

c.assign(N,elem); : Kataotpeget ta otokeia g ¢ kat ewoayet N avtiypa-
@a tou elem.

c.assign(beg,end); : Kataotpégel ta otoyeia tng ¢ Kat €104yel td Otot-
Xela tou Sraotpatog petadu twv iterators [beg,end).

cl.swap(c2); : EvaAldooet ta otoixeia v cl, c2.

std::swap(cl,c2); : To 1610 pe ) ouvapmmon-pédog swap() addd iowg
o apym.

c.insert(pos,elem); : Ewodyetl mpwv 1 9¢on mou Geiyvet o iterator pos

aviiypago tou elem. Ermotpéget iterator oto véo ototxeio.

c.insert(pos,N,elem); : Elwodyet mpwv ) 9€on mou deiyvet o iterator pos
N avtiypaga tou elem. Asv eruotpédet Tnote.

c.insert(pos,beg,end); : Ewdayet ipwv ) 9¢on mou Seiyvel o iterator
Pos ta otoixeia oto draotnpa [beg,end). Asv eruotpédet Tirote.

c.push_back(elem); : Eloayet avtiypago tou elem oto téAog Tou C.
c.push_front(elem); : Elwodayet aviiypago tou elem otnv apytj tou c.
c.resize(N); : MetaBaAAet oe N 10 TTIAf100G TV OTOIXEI®V TOU €. AV TO

augdvel, ta véa otolxeia £€Xouv v mMPoKABOPIoHEVH] T Y1d TOV TUTO T®OV
otoyeiov g Alotag. Aev eriotpédet TiMoTte.

c.resize(N,elem); : 'O, T KAVEL 1 IPONYOUHEVT) EVIOAT aAAd Og Tiepinmiwon
augnong ta véa ototxeia eivat aviiypaga tou elem.
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Awaypag1) OTOLXEI®V

Alaypagr) otoixeiov and pa list ¢, yivetat og €€ng:

c.pop_back(); : Alaypdaget 1o tedeutaio otoiyeio.
c.pop_front(); : Alaypdget 10 POTo oTotXElo.
c.erase(pos); : Awaypaget 1o otoryeio ot 9éon pe iterator pos kat ert-

otpéQel iterator oto endpevo.

c.erase(beg,end); : Alaypaget ta otoyeia pe 9¢oeig oto raotnpa [beg,end)
Kal ermotpépet iterator oto emopevo.

c.clear(); : Alaypdagetl 6Aa ta otoixeia tou c.

Me toug duo tpomoug KANong tng resize()

IIpoonéAaon OTOLXEIWV
[MpoortiéAaon) otoixeiov piag list  yivetat wg e§ng:

Me tig ouvapmoeig-péAn front()  kaivback() . Autég eruotpépouv avadopa
OTO IIPWTO KdAl teAeutaio otoiyelo avtiotoxa Xopig, Op®g, va eAéyxouv av
autd UTapyouv.

Me 11 §pdaon tou tedeotn () o ovoua iterator. IIpooé€te 6t av eivat turou
const_iterator bev pmopoupie va petaBaloupie v TP nou deiyvel adda
povo va ) daBdocoupe.

EnunAéov ouvaptiosig-péAn

H list , onwg kat 6dot ot containers, mapéxet ug size() , empty() xat
max_size() r1ou meptypdypape mponyoupeveg (§5.2.1), tig ouvaptoeig mouv -
otpePouy iterators, eved Ady® TOU TPOIOU OPYyAV®OONG NG PVIUNG, 8eV UTIAPXOUV
ot capacity() razt reserve()

Hlist tmapéxet erumdéov Kat 0ploPEVEG CUVAPTIOEIG-IEAT T1G OTT0ieg Bev £x0U-
pe ouvavinoet otoug dAAoug sequence containers:

H evtoAn

c.remove(val);

Slaypaget 0Aa ta oroyeia tou ¢ pe tpn val.

H evioAn

c.remove_if(func);

aipvel @G 0ploPa £va AVIKEIPEVO-OUVAPTN O TO ortoio §éxetal Eva oplopa
Katl ermotpéetl Aoykn upr, true 1) fal se. H remove_if() b6pa auto to
avtikeipevo oe 0Aa ta otoixeia mg list  kat Staypadet avtd yia ta onoia n
func() &ivertrue.

H ouvdapmon-pédog unique()  evrortidel opddeg Stadoyxikwv ototyeinv pe
161a i kat ta daypaget 6Aa eKtog Ao 10 MPWTO.
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H unique(func) Kavet 1o 1810 yia 0Aa ta Stadoyikda otoiyeia mou n dpdon
g func() ermotpépertrue.

H evtoAr
cl.splice(pos, c2);

petakwvel, pwv ) 9¢on e iterator pos, 6Aa ta otoixeia tou ¢2, daypapov-
tag ta aro tov ¢2. Ot cl, ¢2 dev mpérnet va ivat r) i6wa list

H evtoAn
cl.splice(clpos, c2, c2pos);

petakvel mpwv ) 9éon pe iterator clpos 1o otoikeio tou c2 pe iterator
c2pos. Ot cl, c2 propouv va eivat i61ot.

H evtoAr
cl.splice(clpos, c2, c2beg, c2end);

petakvel mpwv ) 9€on pe iterator clpos ta otoixeia tou c2 oto daoctnua
[c2beg, c2end). Ot cl1, c2 pmopouvv va eivat i61ot.

H ouvdapmon-pédog sort()  taSwvopel tn Alota ouykpivoviag ta otoixeia
pe tov tedeoty) (<). IIpooggte 6Tl Hev PMOPOUHE va XPN OO0 |OOUHE TV
std::sort() ano 1o <algorithm>  kabog autr) xperadetat va £xetl ipooBa-
orn o€ TUXaio ototxeio, KATL Tou dev mapeyet 1 list

H sort(op) 8éxetal g Oplopa AVIKEIPEVO-OUVAPTNON TOU Taipvel §uo
opiopata kat ermotpéget true 1) f al se. Taivopei xprnowponoloviag autr)
) ouvdptnon.

H evtoAr
cl.merge(c2);

yia ta§vopnpéveg Aloteg ¢l kat €2, petakivel ta otoixeia mg ¢2 ot cl pe
TETO10 TPOTIO WOTE, PETA ] CUYXWVEUOT, 1] Tedeutaia va eivat idAt tadvoprn-

pévr.
H svtoAn

cl.merge(c2, op);

KAvet 10 1810 pe v ponyoupevn tagivopoviag pe BAorn to arotédeopa tou
avtukelpévou-ouvaptnong op() .

H ouvaptnon-pélogreverse()  avaotpedet tn oelpd TV otoxeinv ot list
yua Vv oroia KaAeitat.

Hapadewypa:
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#i ncl ude <list>
#i ncl ude <iostream>

i nline bool
lessthan10( doubl e a) {
return a < 10.0;

}

int main() {
std::list< doubl e> c; /I creates empty list
for (int i = 0;i != 10; ++i)

c.push_back(2.0 * );
Il ¢ {0.0, 2.0, 4.0, ..., 18.0}

c.remove(18.0);
/I any element with value equal to 18.0 is erased.

c.remove_if(lessthan10);
/I all elements with value less than 10 are erased.

std::cout << "List s v

for ( std:list< doubl e>::const_iterator it = c.begin();
it 1= c.end();
++it )
std::cout << it << " "

std::cout << \n’;

}

IMapatnprjote 0T 1] EVIOAN
c.remove_if(lessthan10);

uropet va avukataotabet anod myv

c.remove_if(std::bind2nd(std::less< doubl e>(), 10.0));
apkel va ouprniepidaBoupe to <functional> . Me 1) ettepn exkdoxr), anopevyou-
e va opiooupe S1kn pag ocuvaptnon, v lessthanl0() , kat €xoupe peyaldutepn

euedi§ia kabog n KANon ng pe aAAn otabepr) tipn Sev arattei véa ouvaptnon.

5.2.5 set xat multiset

Ta set kat 1o multiset  eivail containers rmou anoBnKevouUV Ta OTOXEIA TOUG
HE OUYKeRpIévn og1pd, avaloya pe karoo kpurjplo. H ta§vopnon eival au-
opat) Kat o poypappatiot)g ds xpetadetal va kavel KAt 1o 181aitepo, népa anod
10 va KaBopioel auto 10 KPIIrP1o, av 8V TOV 1KAVOITOlEl TO TTPOKAOOPIoEVO.

H 8iagpopd tov §Uo containers etvat ot to multiset  propet va Sextet neplo-
00Tepa amo éva otoikeia pe 1dia Tpn eve 1o set  ayvoel Tuxov mpoomdabeieg va
elodyoupe ototxelo mou 1ndén vnapxet ot ovAdoyr). Me dAda Adyila, oto set ta
otoixeia eivat povadika. 'O,t Ya avagpépovue napaxdie yia set 1oyvel Kal yla
multiset



96 KEDPAAAIO 5. STANDARD LIBRARY

To 181aitepo MAEOVEKTNIA AUTOV TV containers, Orwg Kat tov AAAeV g 161ag
Kamyopiag, évavit v sequence containers 6ev eivat tooo 1 auvtdopaty ta§vopun-
o1 000 1] TaXUTNTA ITOU CUVEAYETAl AUTH KATd TV avaditnorn otoiXeiou pe ouy-
rekppévn 160mta. H duadwkn avalrnon (binary search) rmou propet va xpnot-
poroinBei otoug associative containers eivat tagng O(logn) eve n ypappike) mou
MPETEL va epappootel otoug sequence containers sivat O(n).

H xpron tov std::set Kat std:multiset poUmobEtel ) ouprepiAnyn
ou <set> .

Oplopog

AnAworn petaBAntig tumou set pe otoixeia tunou T yivetatl pe éva and toug
napaxdte 1pomnous.® Kabog toug £xoupe 1dn avaluoet oto §5.2.1 Sa toug era-
valdaBoupe mePIANIIUKA :

H evtoAr)

std::set<T> c;
dnuioupyel Kevo set .

H evtoAn
std::set<T> cl(c2);

dnpoupyet éva set avtiypago addou.

H evtoAr
std::set<T> c(beg,end);

Snuoupyet €éva set pe otoixeia anod kamowo aAdo container, rmbavog Sia-
(POPETIKOU TUTIOU, e iterators mou Ppiokovrat oto Sidotpa [beg,end).

L10Ug Mapardve oplopoug 1 tagvopnon yivetat pe to mporabopiopévo Kptpio,
10 std::less<T> OV OUYKpPiVeL Ta ototkeia pe tov tedeotr) (<) (av§ouoa oepd).
Fevikd, propoupe va nepaocouvpe g Sevtepn MApdperpo tou template tov twmo
€VOG avuikelpévou-ouvaptnorn nou da déxetat 6Uo opiopata kat Sa ermotpéPet
Aoywkn) Tipn, true/ fal se, avdAoya av 1o p®to gival “pikpotepo” 1 X1 anod 1o
Sevtepo. IL.x. av 9édoupe va opicoupe éva set mou taivopei pe @divouoa oepa
XPNOIOTIO0UHE 1) LopPr)

std::set<T, std::greater<T> > c;

[Tpooéte ot oto template mpémet va §00ei wg Seutepn Tapdapetpog €vag Ttwmog:
autd anoxkAeiet v amin ouvaptnon.
To xputrjpro taivopnong, f(a,b), mpénet va ikavorotel tig akoAoubeg cuvOr|Keg:

To f(x,x) etvai f al se.
Av 10 f(x,y) etvat t r ue tote 10 fly,x) etvar f al se kat avtiotpoda.
Av 10 f(x,y) xat 1o f(y,z) etvat t r ue, woxvel kat out 1o (x,z) etvat t r ue.

Av x kat y eivat wodvvapua, dnAadr ta fx,y) kat fly,x) etvar f al se, katry kat
z gival wodvvaua, dnAadn ta fly,z) kat f(z,y) etvar f al se, tote kat ta x kat
z glvat wodvvaua, dndadn ta f(x,z) kat f(z,x) eivar f al se.

3Ae 9a avapepBoupie ot KArola mapalAayr) rou UTAPXEL.
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IIpooOn Ky otoLXeiwV

Etloaywyr) otoixeiov os éva set yivetatl pe toug akoéAouboug tporoug:

cl = ¢2; : Avuypdget ta otorxeia tou c2 oto ¢l Kataotpeédoviag ta apxiKd.

cl.swap(c2); : EvadAdooet ta otokeia wwv cl, c2.

std::swap(cl,c2); : To 1610 pe ) ouvapmon-pédog swap() aldd iocwg
o apym.

c.insert(elem); : Ewodyetl oto set 1) multiset ¢ avtiypago tou elem. Av

10 c etvatr multiset  ermotpéget iterator otn 9€on tou véou otoiyeiou. Av to
c elvat set ermotpéget euyog (pair, §5.1.1), 10 pwTO OTO1KEIO TOU OITOiOU
etvat iterator otn 9éon tou véou 1] tou 1181 UMIAPYXOVIOG OTOLXEIOU EVR TO
6evtepo elvat bool mou deiyxvel av n ewoayeyr) nIav emTuxng 1 oxt.

c.insert(pos,elem); : Emyepel va ewoayel aviiypado tou elem, Aap-
Bavovtag urnoyn v vnddeln tou iterator pos, kat ermotpépet iterator oto
VEO 1] UTTAPXOV OTO1XElO.

c.insert(beg,end); : Etoayet oto ¢ aviiypaga tev otoixeiov oto daotnpa
[beg,end). Aev eruotpédet Tmote.

Awaypacgn otorxeiwv

Alaypagr) ototxeimv and €va set ¢ yivetral pie 1oug ak6Aouboug TpoIoug :

c.erase(elem); : Alaypdaget 6Aa ta otoixeia pe Tipn elem kat ermotpedet
10 AN00g TV dleypapévav.

c.erase(pos); : Alaypaget 1o otoixeio ot 9€on pos. Aev eTTIOTPEPEL TUTTOTE.

c.erase(beg,end); : Awaypdagetl ta otoixeia pe iterators oto Sraotnpa
[beg,end). Aev sruotpéget Tinote.

c.clear(); : Alaypdagetl 6Aa ta otoixeia tou c.

IIpoonéAaoy otolyeiwv

O 1porog anobnkeuong oe éva set kaBopiletal AMTOKAEIOTIKA ATTO TG OXETIKEG
TIHEG TRV OTOIXEI®V. AUTO £XE1 WG OUVETELD VA PNV EMMTPENETAl va adAd§oupe Tiur)
ot éva ototxeio kabng 9a addoiwoouye ) oelpd tagivopnong. 'Etot, 8ev mapéxov-
Tal ouvVapThoelg yla v dpeon rpooBaot 1) Tporornoinon otoixeiov. IIpocBaon
yivetat povo péo iterator kat paldiota n tpn nou deixvel autog propet povo va
81aBaotel addd 61 va adddget.

TV nepintoon rmou YEA0UPE va TPOITOIOI)COUHE KATIO0 OTOIXEI0 TIPETIEL va
10 Slaypdypoupe KAt KATOIY va TO €10AYOUHE HE Tr) VEA TIUL).
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ErunAéov ouvaptiosig-péAn

Ot KAdoeig set kat multiset , omwg Kat oAot ot containers, apéXouv TG
size() , empty() xat max_size() T1OU mEplypAYaApE MPONyoupévag (§5.2.1),
OM®G KAt TI§ oUvaptroslg rou ermotpedouyv iterators. Kabwg eivat BeAtiotorot-
NPEVES YA YPNyopn avaliinor OTolXeiov, MApEXouv ¢ PEAN OUVAPTHOELS IOV
EKTEAOUV AE1TOUPYiEG KATIOOV YEVIKOV aAyopiOpev rou Sa doupe napakdate addda
oAU 1110 yprjyopa. Eivat ot €€ng:

count(elem) : Emotpéget 1o mAnbog tov ototxeiov pe iy elem.

find(elem) : Emmotpégel iterator ot 9éon tou otoixeiou pe tur elem 1,
av dev untapyet, end() .

lower_bound(elem) : Ermotpégetl ) 9€on 10U mpdTou otoixeiou mmou Hev
eivat pikpotepo ard to elem.

upper_bound(elem) : Emotpéget ) 9€0r 10U IPAOTOU OTO1XEI0U TTOU £ivat
peyaldutepo aro to elem.

equal_range(elem) : Emotpéget, oe {euyog, toug iterators mou mpoodio-
pi¢ouv 10 Srdotnpa Orou ta otoixeia eivat ioa pe elem.

Mapadewypa:

#i ncl ude <set>
#i ncl ude <iostream>
#i ncl ude <functional>

int
main() {
typedef std:set< int, std:greater< int> > Set;

/I define empty set.
Set c;

/I insert values in random order.

c.insert(5);
c.insert(12);
c.insert(3);
c.insert(6);
c.insert(7);
c.insert(1);
c.insert(9);

/I print set
std::cout << "Number _of _elements _in _set: "
<< c.size() << \n;

for (Set:const_iterator it = c.begin(); it != c.end(); ++it)
std::cout << it << "™

std::cout << '\n’;
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/I remove elements with value 4, 6 and print information
i nt howmany = c.erase(4);
std::cout << "There _were _" << howmany

<< " _elements _with _value _4\n";

howmany = c.erase(6);
std::cout << "There _were " << howmany
<< " _elements _with _value _6\n";

std::cout << "\n’;
typedef std::multiset< i nt, std:greater< int> > MSet;

/I create multiset from c
MSet mc(c.begin(), c.end());

/linsert element 12 three times
mc.insert(12);
mc.insert(12);
mc.insert(12);

/[ print multiset
std::cout << "Number _of _elements _in _multiset: "
<< mc.size() << \n’;

for (MSet:const_iterator it = mc.begin(); it != mc.end(); ++i
std::cout << *jt << "™

]

std::cout << \n’;

5.2.6 map kat multimap

Ta mapxkat multimap  etvat containers rou anodnkevouv euyn (§5.1.1) oco-
TV ota oroia 1o pwto péAog (first) £xetl 1o poAo tou “kAe1d10U” kat to deutepo
(second) eivat n avtiotoxn tur). Lta {evyn yivetat avtdépatn ta§vopnon pe Bdon
Vv TP tou “kAe1610u” toug. H dradopd tev §Uo containers eivat 6t to multimap
propet va dextel eploootepa amnod €va {euyn pe 1o 1610 “kAeldi” eved 1o map ayvo-
el tuxdv mpoorabeleg va elodyoupe otoixeio pe “kAedi” mou H6n umdpxetl ot
ouddoyr). 'O,ut 9a avagépouue Tapardie yia map oxvet kat yta multimap

H xAdon map propel va 9ewpnBel og yevikeuon tou set pe ) dadopa ot
KABe otoxeio oe éva map ouvodsvetal amod pia deuteprn MoOooTNTIa 1 oroia dev
naidel podo otnv ta§vopnon.

H xprion twwv std::map  xat std::multimap npoUItobEtel ) oupnepiAnyn
Tou <map>.

Oplonog

MetaBAntr) TUrToU map propet va opiotel pe T0Ug yvooToug TpOIous. X1d rmapa-
KAT®, 1 IPOTN Iapdpetpog tou template, K, poodiopilet tov tUmo tou “kAeidiony”
TV otoxelov rmou Sa anobnkeubouv eve 1 devtepn, T, eivat o TUIOg NG CUVOdE-

)
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Youoag moootntag.*

H evtoAr

std::map<K,T> c;

dnpioupyel kKevo map.
H evtoAr

std::map<K,T> cl(c2);

dnuoupyet éva map avtiypago addouv, i61ou tumou.
H evtoAr)

std::map<K,T> c(beg,end);

dnpoupyet éva map pe otoixeia amno kanoto dAdo map, mbaveg Stapopett-
KOU tuIovu, pe iterators nou Bpiokovrat oto dactnpa [beg,end).

£10Ug maparndve oplopous n ta§vounon yiveral pe 1o rnpokabopiopévo Kpt-
mp1o, to std::less<T> OU OoUYKpivel Ta “kAeldid” Tov oTo1XeimVv e Tov Tedeotn
(<) (atvouoa oe1pd). Fevikd, PITOPOUE VA TIEPACOUHE GG TPITH MAPAMETPO TOU tem-
plate tov tmo evég avukepévou-cuvaptnon rmou da dexetat Svo opiopata kat Sa
ermotpEPel Aoyikr tun, true/ f al se, avadoya av 1o ipwto eivat “pikpotepo” 1
Ot amno 1o deutepo. Ot OUVONKeEG TTOU IPETIEL VA IKAVOIIOlEL auto 80Onkav otnv
avtiotoyn reptypadn tou set , §5.2.5.

IIpooO1ky otolxeicov
Eloayoyr) otoixeiov o éva map yivetatl pe toug akoAouboug Tpomoug :

cl = c2; : Avuypdget ta otorxeia tou c2 oto ¢l KataotpeéPoviag Ta apxiKd.

cl.swap(c2); : Evadldaocoet ta otoixeia v cl, c2.

std::swap(c1l,c2); : To 1610 pe ) ouvapinon-pérog swap() aAdd iowg
mo apyn.

c.insert(elem); : Ewdyet oto map r) multimap ¢ avtiypago tou elem.

®uunbeite 611 10 elem eival pair ° IPEMEl, €MOPEVOS, VA KATAOKEUAOTEL
KatdAAnAa (§5.1.1). Av to c eivat multimap ermotpéget iterator ot Séon
ToU VEou otoixeiou. Av 1o ¢ eivat map ermotpepetl {EUY0g, TO MPAOTO OTOLXELO
10U ortoilou sivat iterator otr 9¢on ToU VEOU 1) TOU )81 UTIAPXOVIOG OTO1XEIOU
eve 1o Sevtepo eivat bool mou deixvel av n eloaywyr) ftav ermTuxng 1 oxt.

c.insert(pos,elem); : Emixeipel va ewoayel aviiypado tou elem, Aap-
Bavovtag uroyn v vnodern tou iterator pos, kat ermotpédet iterator oto
VEO 1] UTTAPXOV OTO1XElO.

c.insert(beg,end); : Elodyet oto ¢ avtiypaga tov otoixeiov oto diaotnpa
[beg,end). Aev ermotpéget Tirote.

4Ae 9a avagepBoupe ot kAol Taparlayr) mou Urtdpyet.
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Awaypag1) OTOLXEI®V
Alaypadr) otoixeimv amo éva map ¢ yiveratl pe toug akoAouboug TpoIoug:

c.erase(elem); : Alaypdagetl 0Aa ta ototyeia pe tpn elem xkat ermotpédet
10 AN00g TV dleypapiévav.

c.erase(pos); : Alaypadet 1o otoixeio ot 9€on pos. Aev ETUOTPEPEL TITTOTE.

c.erase(beg,end); : Awaypdagetl ta otoixeia pe iterators oto Siaotnpa
[beg,end). Aev eruotpédet Tinote.

c.clear(); : Alaypdagetl 6Aa ta otoixeia tou c.

IIpoonéAaocn OTOLXEiWV

O 1podrog arnobrjreuong o Eva map kabopidetal aroKAEIOTIKA ATIO TG OXETIKES
TIEG TRV “RAE1I810V” TOV OTOIXEIDV TOU. AUTO £XE1 @G OUVETTELA VA PNV EMTPETETAL
va adAddadoupe tpn oto “kAe1di” evog otoxeiou kabBog 9a aAlloiwooupe T oet-
pd tadwopnong. Avtifeta, Sev anayopevetal 1) Tporonoinon g ouvodsvouoag
oootNTag.

IIpooBaon ota otoixeia pmopet va yivel péow iterator. OupnOeite ot av it
etval évag iterator oe map tote (*it).first (fy, woobuvapa, it->first ) etvat
10 “kAe1d1” kat (*it).second (1), woduvapa, it->second ) eivatl n ouvodevouoa
moootntd.

TV nepirm®or ou 9EAoUE va TPOTIONOIC0UHE T0 “KAe161” KATIO10U OTo1XE-
10U TpETEL va To HlaypdaPoupe Kal KATOImy va 10 10AYOUHE PE VEA TIT.

Mua onpavukn dtapopd tou map (jovo, kat 6xt tou multimap ) aro to set
etval ot mmapéyetat apeon npooBacn otig ouvodeUOUOEG ITOCOTNTEG Katl pdAlota
Pe pnxaviopo (g aykuleg [ ) mou Supidetr toug mivakes. ‘Opwg, oe aviibeon e
TOUg TTivakeg, 0 deiktng rou torobeteital petadu twv aykudov dev eival moodtnta
AKEPALOU TUTIOU adAd to “kAeldi”. 1o avadutuka:

av c etvat éva maprou nepiexet ototxeio pe “kAeidi” key tote 1o clkey] eivat
avagopd og AUTo TO OTO1XElO.

av ¢ elvat éva mapiou 6ev niepiexet ototxeio pe “kAedi” key tote n Ekppaon
c[key] = value;
elodyel 010 ¢ 10 otoryeio make_pair(key,value) . Av, xatd Adbog, xpnot-
portonOei ) mapandve EKPPACT) XOPIG T, IT.X. OV EVIOAN
std::cout << clkey];
101e, TIAAL Sa eloayBel otoryeio pe mpoto pédog 1o “kAeldi” key kat Sevtepo

Vv NPoKaboplopévn TP Yla TS OUVOSEUOUOES TIOCOTITEG TOU Map. AUt
9a eivat kat n Tt ov da twnwel oto apanave rnapddsiypa.

Mapadsiypa:
IMapdderypa oplopov, e10ay®YHS Kal IIPOOTIEAACTG OTOIXEI@V EVOG Map eivat to
axdéAoubo.



102 KEDPAAAIO 5. STANDARD LIBRARY

#i ncl ude <iostream>
#i ncl ude <string>
#i ncl ude <map>
#i ncl ude <utility>

i nt
main() {
t ypedef std::map<std::string, i nt> Map;
Map birthyear; /I Empty map.
/I insert a few pairs.
birthyear.insert(std::make_pair("John", 1940));
birthyear.insert(std::make_pair("Paul”", 1942));
birthyear.insert(std::make_pair("George", 1943));
std::cout << "John _was_born _in "
<< birthyear["John"] << "\n\n";
/I insert new data
birthyear['Ringo"] = 1941; /I wrong value, change it
birthyear['Ringo"] = 1940;
/I print all pairs
for (Map:const_iterator it = birthyear.begin();
it != birthyear.end();
++it)
std::cout << it->first << " _was_born _in "
<< jt->second << \n’;
}

EmunAfov ouvaptioeig-pEAT

Ot kAdoelg map kat multimap , mapEXouVv Ti§ YVOOTEG OUVAPTHOEIG-IEAT TIOU
neplypayape mponyoupeveg (85.2.1), size() , empty() xat max_size() xkabag
Kl TS OUVAPTIOELS TTOU EITIOTPEPOUY iterators.

Kabwg eivatl Bedtiotonomnpiéveg yla ypnyopn avagninon otoiXeiov mapéxouv
TG 161eg e8e181keUpEVEG CUVAPTIIOELS TTIOU TIAPEXOUV Kat ot set/multiset

count(key) : Ermotpéget 1o mAnbog tov ototxeiov pe “kAeidi” key.

find(key) : Emotpéget iterator ot 9¢on tou otoixeiou pe “kAedi” key 1,
av dev untapyet, end() .

lower_bound(key) : Ermotpéget i 9€o1 10U IPOTOU OTo1XEiOU TOU Oroiou
10 “rAe181” Bev elval pikpotepo aro to key.

2

upper_bound(key) : Eruotpéget ) 9€on 10U POTOU otoixeiou 1o “KAe1di
Tou ormoiou eivatl peyadutepo aro 1o key.

equal_range(key) : Emotpéget, oe {euyog, toug iterators mou mpoodio-
pi¢ouv 10 Stdotpa orou ta ototxeia €xouv “kAeldid” ioa pe key.
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5.3 AAyop16pot (algorithms)

H STL napéxet éva peyddo mAnbog alyopibpev yia v eneepyaocia culdoyov
oroloudrrote €1doug otoixeiwv. H ene§epyaocia ouviotatal oe ouvrbelg, Sepe-
Awdeig mpdgelg: avuypagr 1 tpororoinon culdoyov, avalitnon otolXeiov pe
ouyKekppévn 1810tta, ta§ivopnorn, avadidtadn ototxeiwv, KATL.

Ot aAyopiBpot eivat ave§aptntot ard toug containers. Apouv oe cuAAoyEG OTO1-
Xelwv Tou urodeikvyovial amnod iterators: €101, propovpe, Xwpig kappia adlayr,
va evadddocooupe toug containers rmou Xpnotponolovhe yia Ty arobnKeuon tov
otoxeiwv. BéBata, autod &e onpaivel ot Sa €xoupe v 1dwa anodoon: o kaBe
container £xel e181KA XApAKIPIOTIKA, OMKG £1dape, KAl PETEL va eruAéyetatl €§
apxng pe Bdon TG avaykeg pag. Oa mpémnet va Sleukpivicoupe 6T 1) duvatotnta
evadlayrg v containers dev eivatl andAutn: unidpxouv adyopiOpot, .. yia ta-
gwopnon, mou xpetddovrat random iterators (§5.2.1). ®uunbeite ot této1ol dev
napéyovial and roAAég kAaoelg containers. Xe TETOEG IMEPUTIINOOELS UIIAPXOUV
OUVAPTIOEIG-PEAT AUTOV TOV KAAOE®V ITOU EKTEAOUV TV AITATTOUHEVT] AeTToUpyid.

H mAsioyngia teov aAdyopibpev neptdapBavovial oto header <algorithm>
Ot Alyot rou mapéyovtat amo 1o <numeric>  Sa avapépovtat. ‘OAot opidovral oto
X®po ovopdat®yv std .

'‘OAot ot adyopiBpot §Exoviat g ripwta opiopata 6vo iterators rmou kabopidouv
10 Sraotpa oe éva container oto oroio da dpdoouv. IIpooédte 6t Sa mpéret o
npwtog iterator va deixvel mpwv 1), 10 TOAU, otv 16ta 9¢on pe 1o devtepo. H
apxt tou dwaotrpatog npoodilopiletal aro tov mpoto iterator eved 1o tEAOg TOU
etvat pia 9¢on mpw 1 9éon mou deixvel o devtepog. Avdadoya pe tn Aettoupyia
KaBe aAyopibpou propet va ypetadetat va rpoodioptotel kat devtepo Sraotnpa
oe éva container. Xe t€tola MePUTI®ON repva PoOvo o iterator tng apyng kat o
TIPOYPAPATIOTHG TIPETTIEL VA (PPOVTIOEL va aKoAoUBoUV apKetég Yeoelg oto deutepo
container oote va xopd ooa da ypawet ekel o adyopiOpog. Eruudéov, n Aettoup-
yia moAAov alyopifuev prmopet va tpororoinfel kabwg £xouv mapaddayég mou
déxovial avukeipeva-ouvaptnoelg, €ite pe éva optopa (o tumnog toug Sa oupbBo-
Atdetal ov nieptypadn toug pe to UnaryFunctor ) eite pe 8vo (o tumog toug Sa
etvat BinaryFunctor ).

Ag TiEpypAWOUE TOUG IO ONPAVIIKOUG alyopifpoug:

e accunul ate()

Type accumulate(lterator beg, Iterator end, Type value)

Type accumulate(lterator beg, Iterator end, Type value,
BinaryFunctor op)

H nipotn) popon ermotpépet 1o abpoiopa tov otoixeiov tou diaotrpatog [beg,end)
Kat mg tung value. Ta pia ospd otokeiov {al, a2, a3, ...} emotpéPet 10

value + al + a2 + a3 + ...

Xtn Sevtepr popdr) HEXETAL WG EMITAL0V TEAEUTAIO0 OPIOPA £VA AVTIKEIPIEVO-OUVAPTHNON)
pe 8o opiopata yia va rpoodlopioet AAAN exktedoupevn mpdin.
IMapéxetat oto <numeric> .

Mapadewypa:
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To aBpotlopa v otoixeimv evog std::vector V HE TIPAYHATIKA oTolXela pro-
pel va yivel og €§1g:

doubl e sum = 0.0;
for (stdisize_t i = 0; i < v.size(); ++i)
sum += V[i];
Me ) Xprjon g accumulate , o mapandve kOd1KaAg ardoroteitat otov

sum = std::accumulate(v.begin(), v.end(), 0.0);

e i nner _product ()

Type
inner_product(lterator begl, lIterator endl,
Iterator beg2, Type value)

Type

inner_product(lterator begl, lIterator endl,
Iterator beg2, Type value,
BinaryFunctor opl, BinaryFunctor op2)

H mpotn popon emotpéget 1o dbpotopa g value Kat 10U €0KTEPIKOY Y1VO-
pévou twv ototyeiwv oto [begl,endl) pe ta aviiototyd toug oto daotnpa pe apxr
10 beg2. I'a 6U0 oe1pég otokeiwv {al, a2, a3, ...} kat{bl, b2, b3, ...} ermorpépet
10

value + al * bl + a2 b2 + a3 * b3 + ..

Y Seutepn popdr) propel va dextel wg ermurAéov opiopata duo duadikd
avukeipeva-ouvaptioelg, opl(), op2() . Tote eruotpédetal To

value opl (al op2 bl) opl (a2 op2 b2) opl (a3 op2 b3) + ...

IMapéyetat oto <numeric> .

e for_each()

UnaryFunctor
for_each(lterator beg, Iterator end, Unaryfunctor op)

Kalei 1o avukeipevo-ouvaptnor op() pe éplopa avapopd oe KAOe OTO1XEI0 TOU
draotpatog [beg,end). Ayvoel Tuxov emotpedopevn tipn tou op(). Emotpédet 1o
op() (rou propet va €xet tporortonOei).

e count ()

Difference_type
count(lterator beg, Iterator end, Type const & value)

Difference_type
count_if(Iterator beg, Iterator end, UnaryFunctor op)
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H nipotn popon ermotpépet tov aplbpo wv ototxeiowv oto [beg,end) mou eivat ioa
pe value. ®upnOeite ot o1 associative containers rmapéyouv avaloyn cuvaptnon-
példog.

H 8ettepn petpd 1o mAn00og TV oTto1Xel®v yia ta oroia 1 §pdort) T0U avilKeevou-

ouvaptnon op() ermotpedet t r ue.
O turog Difference_type etval axépatog.

e mn_el enent ()

Iterator
min_element(lterator beg, lterator end)

Iterator
min_element(lterator beg, lterator end, BinaryFunctor op )

Emotpéget iterator ot 9¢on tou pikpotepou oTo1XEiOU (] TOU MPOTOU ATTO
O0Aa ta pkpotepa) oto daotnpa [beg,end). Zinv mpwin popdrn n ocUYKPLOn 1OV
otoxeiov yivetat pe tov tedeotr) (<) eve ot Sevtepn pe PAon TO AVUIKEIPEVO-
ouvapton op(), To oroio dExetal Vo opiopata Kat ErmMoTPEPEL AOYIKY| TIHL).

e max_el enent ()

Iterator
max_element(lterator beg, Iterator end)

Iterator
max_element(lterator beg, Iterator end, BinaryFunctor op )

Emuotpépet iterator otn 9¢on tou peyadutepou otorxeiou (1) TOU IPOTOU Ao
O0Aa ta peyadutepa) oto daotnpa [beg,end). v rmpotn popdr) 1 oUYKPLOT TV
otoxelov ylvetatr pe tov tedeotr) (<) eve ot Sevtepn pe PAon TO AVUIKEIPEVO-
ouvaptnon op(), To omoio dExetal Vo opiopata Kat EMOTPEPEL AOYIKY| TIHL).

o find()

Iterator
find(lterator beg, Iterator end, Type const & value)

Iterator
find_if(Iterator beg, Iterator end, UnaryFunctor op)

H nipwtn popor ermotpéget iterator otn 9o tou peotou otoryeiou oto [beg,end)
mou eivat ioo pe value. ®upnOeite o011 o1 associative containers rapéyouv avalo-
Y1 oUvApTNon-PEAOG TTOU £ivatl o ypnyopn.

H &eutepn ermotpepet iterator otn 9€on 10U MPWTOU OTOLKEIOU Yia TO OIOio N
Sdpdon tou avukepévou-ouvaptnon op() ermotpépet t r ue.

Kat otig 6Uo popgég srmotpépetal 1o end av v UTIAPYXEL OTOIXEIO TMTOU va
IKAVOITOIEL TNV aVIioToiXn oUVOnK.

Av 10 81dotnpa [beg,end) eivat taivopnpévo, UTIAPYOUV IO YPIYOPES ouvap-
T0E1g YA v eupeon otorxeiou (lower_bound() , upper_bound() , equal_range()
binary_search() ).

’
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e equal ()

bool
equal(lterator begl, lterator endl, Iterator beg?2)

bool
equal(lterator begl, lterator endl, Iterator beg2,
BinaryFunctor op)

H mpotn popon ermotpépet true 1) f al se avddoya pe 1o av ta otoikeia oto
[begl,endl) eival ica pe ta avtiototxa oto Siaotpa mou Sexivd ano to beg2.

Ztn Sevtepn pop@dr) 1 CUYKP101 TOV OTOLXEI®V YiveTat P To avilkeipevo-ouvaptnon
op(), 1o oroio déxetal HUo opiopata Kat emMoTPEPel AOYIKY) TIh.

e copy()

Iterator
copy(lterator begl, Iterator endl, lterator beg2)

Avuypdoet ta otoixeia tou ot patog [begl, end1) oto Sidotnpa mou §exkwva
pe 1o beg2. Emotpéget iterator oto endpevo ototxeio amnod 1o tedeutaio oto oroio
€ylve eyypadr).

To beg2 propet va deixvet otov 1610 container addda dev mpéret va aviket oto
6iaotpa [begl, endl).

e copy_backwar d()

Iterator
copy_backward(lterator begl, lterator endl, Iterator end 2)

Avuypaget ta otoketa tou dwaotpatog [begl, endl) oto Siaotnpa nou te-
Agwwvel pe 10 end2, poxwpaviag avaotpopa. Erotpéget iterator oto eropevo
ototyeio amo 1o teAeutaio oto oroio €ytve eyypadr).

To end2 propei va Seixvel otov 1610 container aAAd dev mpérel va avrket oto
owaotpa [begl, endl).

e transform)

Iterator
transform(lterator begl, lterator endl, Iterator beg2,
UnaryFunctor op)

Iterator

transform(lterator begl, Iterator endl, Iterator beg2,
Iterator beg3,
BinaryFunctor op)

H mpot popdr) Kadel 10 avilkeipevo-ouvaptnon evog opiopatog op() yia kabe
otoyeio oto draotnpa [begl,endl) kat ypdadetl 1o arotéAeopd tou oto draotnpa
rnou gexkwva pe 1o beg2. Ta begl, beg2 propei va eivat i61a.

H 6eutepn popdr) kadel to avukeipevo-ouvaptnon §Uo oplopdtev op() ya ta
avtiotoia otoixeia tou daot)parog [begl,end1) kat tou dlaot)partog mou Sexva
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e 1o beg2 kat ypaget 10 arotéAeopd ou oto didotnpa mou ekwvd pe to beg3.
Ta begl, beg2, beg3 propet va eivat i61a.

Kat otig 600 popdeg ermotpédetat iterator oto ermopevo oTo1XEIO A0 TO TEAEU-
1aio oto 01010 £y1ve eyypaAdn).

e fill()

voi d

fill(lterator beg, Iterator end, Type const & value)
voi d

fill_n(lterator beg, Size N, Type const & value)

H npot popor) avadeétet tnv tyur) value ota otoixeia tou daotijpatog [beg,end).
H 8eutepn avabetet tnv tpr value oe N Siadoyika otoieia Sekvaviag and to beg.

e generate()

voi d
generate(lterator beg, Iterator end, Functor op)

voi d
generate_n(lterator beg, Size N, Functor op)

H npodtn popdr avabétel v ermotpe@Opevn T TOU AVIKEIEVOU-0UVAPTNOT)
op() (to oroio &8s déxetal opiopata) ota oroixeia tou Sraotpatog [beg,end). H
deutepn avabétet v ermotpepopevn tpn ou op() oe N diadoyikda otoixeia Sexi-
vovtag arnod to beg.

e repl ace()

voi d
replace(lterator beg, Iterator end,
Type const & oldvalue, Type const & newvalue)

voi d
replace_if(Iterator beg, Iterator end,
UnaryFunctor op, Type const & newvalue)

H nmpotn popdr) avabétetl v tipr) newvalue oe kabe otokeio oto [beg,end) rou
etvatl oo pe oldvalue. Ztn Sevtepn popdr) ta srmdeyopeva otolxeia ylia avika-
taotaon eival autd yia ta oroia 10 avilKeiPEvo-ouvaptnor op ermotpepet t r ue.

e repl ace_copy()

voi d
replace_copy(lterator begl, lterator endl, Iterator beg2 ,
Type const & oldvalue, Type const & newvalue)

voi d
replace_copy_if(Iterator begl, Iterator endl, Iterator b eg2,
UnaryFunctor op, Type const & newvalue)
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H mipatn popon avuypaget ta ototkeia tou [begl,endl) oto didotpa mou §exkiva
pe 10 beg2 petarpénoviag oe newvalue ooa sivat ioa pe oldvalue. Xt 6eutepn
popon ta ermdeyopeva otoixeia ylia avukatdotaon eivat autd yla ta oroia 1o
AVTIKEIPIEVO-0UVAPTIN 0T Op £rmotpePel t r ue.

e renove()

Iterator
remove(lterator beg, Iterator end, Type const & value)

Iterator
remove_if(Iterator beg, Iterator end, UnaryFunctor op)

H mpotn popon daypadet 60a otoixeia tou Saotpatog [beg,end) eival ioa pe
value. Xt Seutepn popdr) ta ermdeyopeva ototxeia yia diaypaer eivat avtd yia
1a OI0ia TO AVUIKEIPEVO-OUVAPTNOT) Op ermotpeédet t r ue. Ta Keva KaAurtovial pe
PETAKIVIOT TV EMOPEVROV OTOXEIDV.

H ermotpepopevn tpn eivat iterator otnv rpatn 9€on petd 1o tedeutaio otoixe-
10 ou dev draypapnke. ZUvenwg, to daoctnpia ano beg PEXPL TOv EMOTPEPOIEVO
iterator meptAapBavet ta un dieypappéva ototxeia.

Kabag o1 ouykekpipévol adyopiOpotl petaBaldouv otoixeia, v propouv va
Xpnotportoin6ouv os associative containers. Autoi rmap&youv mapopola ouvAapton-
pédog (erase() ).

[Mpoogtte ou n list  mapéxer aviiotoxn ouvdaptnon-pélog (remove() ) o
ypnyopn.

ereverse()

voi d

reverse(lterator beg, Iterator end)

Avaotpéget ) oelpd oV ototxeinv tou draotrpatog [beg,end).
[Tpoogdte Ot 1 list  mapéxet ypnyopotepr ouvaptnon-péAog.

e reverse_copy()

Iterator
reverse(lterator begl, Iterator endl, Iterator beg?2)

Avaotpégel I ogpd TV ototxeinv tou draoctpatog [begl,endl) avuypagoviag
ta oto Saoupa 1mou ekwvd pe to beg2. Erotpépetl ) 9éon petd to tedeutaio
otolyeio ou ypdgtnke oto véo container.

e nerge()

Iterator
merge(lterator begl, Iterator endl,
Iterator beg?2, Iterator end2, lterator beg3)

Iterator

merge(lterator begl, Iterator end1l,
Iterator beg2, Iterator end2, Iterator beg3,
BinaryFunctor op)
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H nipodtn popdr) ouyxwvevet ta tadtvounuéva Sraotrjpata [begl,end1) xat [beg2,end?2)
oto dtaotpa nou Sexkva pe beg3, madt taSivounpéva. H Seutepr) xpnoworotei to
avukeipevo-ouvaptnorn op() yia tyv tadvopnon: auto déxetal 6o opiopata kat
ermotpédet t rue 1 f al se av 1o p®To givat 1 Ox1 “pikpodTEPO” ard 10 Heutepo.

Kat ot 6Uo emiotpédouv ) 9éor Petd 1o tedeutaio ototelo ou ypdptnKe oto
véo container.

[Ipooétte ot 1 list  mapéxel ypnyopodtepn ouvaptnon-péAog.

e set _uni on()

Iterator
set_union(lterator begl, Iterator end1,
Iterator beg?2, Iterator end2, lterator beg3)

Iterator

set_union(lterator begl, Iterator endl,
Iterator beg?2, Iterator end2, lIterator beg3,
BinaryFunctor op)

Extedouv opoteg Aettoupyieg pe t merge() pe ) dadopd ot anod ta Kowd
otokeia ota 6o Saotpata avuypdgetat povo eva otov véo didotnpa. [poodte
0Tl av og KAT010 diaotnpa éva otoixeio eravadapBavetat, 9a epgaviotet pe 1o 1610
mAn0og kat oto teAkoO dractnpa.

e set_intersection()

Iterator

set_intersection(lterator begl, Iterator end1,
Iterator beg?2, lterator end2,
Iterator beg3)

Iterator

set_intersection(lterator begl, Iterator endl,
Iterator beg?2, Iterator end2,
Iterator beg3, BinaryFunctor op)

Extedouv opoteg Aettoupyieg pe ) merge() pe ) Stapopd ot oto véo draotn-
pa epgaviovral povo ta Kowvd ototyeia tov duo apyikev dtaotnpdtev.

e set _difference()

Iterator

set_difference(lterator begl, lterator endl,
Iterator beg?2, lterator end2,
Iterator beg3)

Iterator

set_difference(lterator begl, lterator endl,
Iterator beg?2, lterator end2,
Iterator beg3, BinaryFunctor op)

ExtedoUv opoieg Asttoupyieg pe ) merge() pe ) dagopd ot oto véo St-
aotnpa spgavidoviat povo ta otolXela mou avhKouv oto Npeto Stdotpa Kat dev
unidpxouv oto Sevtepo.
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e set_symmetric_difference()

Iterator

set_symmetric_difference(lterator begl, Iterator endl,
Iterator beg?2, lterator end2,
Iterator beg3)

Iterator

set_symmetric_difference(lterator begl, Iterator endl,
Iterator beg?2, lterator end2,
Iterator beg3, BinaryFunctor op)

Extelouv opoteg Aettoupyieg pe ) merge() pe ) dadopd o6t oto vEo Hirdotn-
pa epgavidovial povo ta otolxeia Imou avhKouv eite 0to mpoto eite oto deutepo
Stdotnpa adAd oyt kat ota duvo.

e bi nary_search()

bool
binary_search(lterator beg, lIterator end, Type const & value)
bool
binary_search(lterator beg, lterator end, Type const & value,

BinaryFunctor op)

H npdtn popon ermotpedet t rue 1) f al se avaloya av to tatvounuévo 61aotn-
pa [beg,end) nepiexet otorxeio oo pe value.

Yt 6eltepn popdn, to avikeipevo-ocuvdaptnon op(), to oroio dxetal Svo o-
plojiata Kat emoTpedel AOYIKY TUHI), TIPOCO10PIdel TO KPITHPL0 e TO OIT010 £YIVE 1)
tadwvounorn.

esort()

voi d
sort(Randomlterator beg, Randomlterator end)

voi d
sort(Randomiterator beg, Randomlterator end,
BinaryFunctor op)

Kat ot 6Uo popgég tadivopouv ta oroixeia oto ddotnpa [beg,end). v mpot,
1 OUYKP10T] TV OTOLXEI®V yivetatl pe Tov tedeott) (<) evw otn 6evtepn pe Paon 1o
avtikeipevo-ouvaptnor op(), 1o ornoio d¢xetal 6U0 opiopata Kat EMMOTPEPEL AOYIKI)
.

H oxeukn 9éorn iowv otoixeiov Sev Siatmpeital anapaitnta.

[Tpooétte o1 xpnowpornotei random iterators ordte dev puropei va epappootet
oe list

e stabl e_sort ()

voi d
stable_sort(Randomiterator beg, Randomlterator end)
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voi d
stable_sort(Randomlterator beg, Randomlterator end,
BinaryFunctor op)
O ouykekpévog adyopiOpog eivat i61og pe tov sort()  pe ) dadopa ot n
oxetiky] 9éon 1owv otoixeiowv Siatnpeitat.

epartial _sort()

voi d

partial_sort(Randomlterator beg, Randomiterator sortEn d,
Randomlterator end)

voi d

partial_sort(Randomlterator beg, Randomlterator sortEn d,

Randomlterator end, BinaryFunctor op)

O ouykekplpévog adyopiOpog eivat i61og pe tov sort()  adda otapata v
tagvopnon otav toroBetnBouv oto [beg,sortEnd) owotd taivopnpéva ta ototkeia.

e random shuf fl e()

voi d
random_shuffle(Randomiterator beg, Randomlterator end)

Avabiataooet pe tuyaio tporo ta otoixeia oto daoctnpa [beg,end).
[pooggte o1 Xprnoporotel random iterators ordte Sev propei va epappootet
oe list 1 associative containers.

5.4 Aornosig
1. Anpoupyriote éva apyeio pe 100000 tuyaioug aképatoug apibioug.

(a) Tpayte ouvaptroeig otig oroieg va draBdadoviat ot apibpot autot kat
va tunovovtat o€ dAAo apxeio Ta§vopnévot arno 1o PIKPOTEPO OTO He-
yaAutepo. H kaBe ouvaptnon va xprnotporotel Siapopetikd container
(ouprnepAapBavopévou Katl Tou Aoy Iivaka) yia v arnobrKeuon
TV aplBpov.

5

(B) Xpovopetpriote 11g (xpnowpornowrjote v clock() amnod 1o <ctime> ).

Tt oupniepaivete;

(y) Xpnowporoijote toug kKataAAndoug aiyopibpoug yia va ripoodlopioete
TO PIKPOTEPO KA1 TO PEYAAUTEPO OTOLXELO.

(6) Yroloyiote to aBpotopa Kat to PECO OPO TOUG.

(e) Tunwote 10 TANO0G TV oToXEi@V o eivat ioa pe 0.
(F) Awaypawte 6Aa ta otoieia mou eivat ioa pe 0.

(@) Tunwote 10 MANBOG TOV OTOIXEIWV TTOU gival SeTKA.

2. Tpayte oUvVaPTrOelg ITOU va UAOTTIOI0UV TI§ AKOAOUBDEG OUVAPTIOEIG-EAT TG
rAdong list @ unique(), splice(), merge(), reverse()

5%e ouotipata Unix 1 evioAry man 3 clock Sa cag Bonorost.
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Tpayte ouvaptoelg IOV va UAOTTIO0UV toug aAyopibpoug g STL. Xpovo-
HEIPTOTe AUTEG KAl TOUg avtiototyoug aAdyopibpoug. Tt ouprnepaivets;

YAorowjote éva ayyloedAnviko Ae§iko. O xprong va propest va avagnta
) petagpaocn orowaodrnote AEgng (ayyAiknig 1 eAAnvikrg) kabwg xat va
eloayet véeg (o1 omoieg, BeBaing, mpérmet va eivat dabeopeg oe kGO véa
EKTEAEOT) TOU TIPOYPAPHATOG).

YAorou)ote évav tnAedeviko Katddoyo: KdaOe eyypadpn Sa reptdapBavet 1o
ovopa, 1o ENWVUNo, ) d1eubuvon (060G Kat apiBog), Tov TaXUdPORIKO KO-
Kda, TNV IMOAn, KAt 10 TNAEP®VO £vog rpoomrtou. Na rapgxetal i duvatotta
avadninong Kat avakinong pe PAon 1o ENOVUHO 1 10 TNAEPOVO, KaO®g Kat
n duvatdtnta npoobnkng véag eyypadng amno 1o Xpnotn.



Ke¢dpadaio 6

KAdoetlg

6.1 Ewayoyn

Yo kedpdAailo autd Sa napouociactouv ot opég rmou rapexet n CH+ yia myv u-
nootr)pidn Tou “ripoypappatiopou Baoci{opevou oe aviikeipeva” (object based) xkat
TOU “IPOoypappatiolloy mIpooavatoAlopévou os aviikeipeva” (object oriented pro-
gramming). Ag Soupe Op®G PoTa, e T Porbeta evog mapadelypatog, KAmooug
AOyoug Tou Kataotouv dlaitepa ermbupnteg auteg tig Sopég yia tn oxediaon kat
AVAITTUET VOGS TIPOYPARHATOS ITOU ITIPOCOHOIWVEL OCO IO TTOTA YIVETAL TO EKACTOTE
nipoBAnpa.

Ag urnoBécoupe 0Tl ETOUPOUPE va TEPYPAYPOUNE, 08 TPOypaApid yid UIo-
Aoyiotr, ) davelotikn Asttoupyia plag raverotnpakng BiBA10Onkng: os mpon
@aon, 9éloupe va kataypayoupe ta PBAia mou €xouv davelotel o1 Qotntég, va
yvepiloupe oe mola undpxel kabuotépnorn oty ermotpodrn, KAn. 'Exoupe, emno-
BévVag, €va ouvolo @ottntev (rmou xapakxinpiovrat arod to évopd toug, 1o Tpnpa
OTO 0IT010 aviKouv, Tov Ap1Ono Mntp®ou ot ZX0AI Toug, T0 £10G £10AYMYLS TOUG,
KAL), Kat éva mAnbog PBAinv (rou xapakinpidovtat and tov titho Toug, T0 oUY-
ypadea, tov eKSOTIKO 01KOo, T0 £10G €KO00NG, KAIL.), TTOU PITOPOUV va dAVEIOTOUV.
H amloikr) (kat oe oplopiéveg YAOOOEG TIPOYPAPIATIONOU 1] 1ovr) duvatr)) udoro-
inon neptdiapBavel SNAMOELG MIVAK®V yia v opadoroinon tou kabevog arnd ta
XAPAKTINP10TIKA TIou avapepOnkav. I1.x. oe C+ Sa eixape

std::size_t const N = 50; // number of students
std::string studentName[N];

i nt studentAM[N];

i nt studentYear[N];

...

std::size_t const M = 500; // number of books
std::string bookTitle[M];

std::string bookAythor[M];

i nt bookYear[M];

I ...

[Mapatnprjote 0Tt TIMOTE OTOUG MAPATIAV® OPlOPoUG dev eRPPALEL TNV OXEOT] TIOU

gxouv (1] 6ev €XoUv) Ta OTOIKEId TV TIIVAK®V PETASU TOUG® TIMOTE, £KTOG rOavov
arno 1o évopd toug, 6ev UTTOONAGVEL OTL KATIOWd TEPLYPAPOUV XAPAKINPIOTIKA TG
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évvolag “pottnrg” Kat Karowa ddda wng évvolag “BiBAio”. TIpootlte o éva ow-
otd eruAeypévo ovopa petaBAntrg S1eUKOAUVEL APKETA TOV IIPOYPAPPATION) 1) TOV
avayveotn oty KAatavonon tou Kodika, addd yia tov compiler Sev €xel kAmolo
buattepo vonpa. ‘Oxt povo de yivetat n opadoroinon v XapaKiPloTtKOV 010
ertinedo v 80 BACIKAOV evvolmv ToU TIPoBANatog pag (dvopa gottntr, aplopog
pntpwou, KA. padi kat, §exmplotd, addd mdAtl ouykevipwpéva, o tithog tou Bi-
BAiou, 1o dvopa tou ouyypadéa, KAL) addd, xeipotepa, ouviEoviat OAa ta ovopata
padi, odot ot apiBpol pnpoou, KA. H ouykekpipévn opydvaon teov dedopévav
Jag, Kal OUVEN®G, KAl TOU UTTIOAOUTOU KOO1KA pag, eival apKetd S1apopeTiK) ano
autr) IoU UItayopeUel T0 IIPOBANA ITOU TTIPOCOHOIWVOULE.

Mua kaAuUtepn, o “puotkr)” pooeyylon eival va oplooupe véoug TUIoug Imo-
00TV Iou Ya PIopouVv va Meptypdyouv ouvoAikd Td XapaKINPLoTIKA KAOE €v-
volag. Eival mpopavég 01t 01 evOOPAT®PEVOL TUTIOL SEV AvVIATIOKpivovTdl 08 AUTHV
mv anaitnon: n évvola “poutnmg” dev eival akéPaAlog oUTe MPAYHRATIKOG, yid He-
taBAntr) tétolou Trou Sev opiletal n pdobeon 1 eSaywyn TEIpaywvikng pilag!
Avdapeoa otig YAWOOEG MTPOYPAPPATIONOU TTOU ITAPEX0UV Tétota duvatotnta sivat
Kat n C+ * Baoigdpevol oe 6oa €xoupe avapeépet yia struct, §2.6.2, prnopoue
va £€X0UHE ToUg akOA0UBoUg 0p1o110Ug

struct Student {
std::string name;
int AM;
int Year;

struct Book {
std::string title;
std::string author;
i nt year;

Ot oplopol autoi niepldapBavouv wg uéAn oug 6opég kataAAnAoug Sepediwdelg
TUTIOUG Kal arotedouv éva mpmto Pripa Pedtioong tou mpoypappatog, Kabwg a-
KOoAouBoUV 1oV TPOIo 0pyAveoNg TV dedopévav tou mpoBAnpatdg pag. Andeon
TMOCOTATOV AUTOV TV VEMV TUM®V Yivetal og e§1g:

std::size_t const N = 50;
std::size_t const M = 500;

Student students[N];
Book books[M];

Ag TIPOX®PT)COUPE 010 0Xedlaopo tou KOdikA pag: da Sédape va éxoupe, a-
vapeoa oe AAAEG, KATIOEG CUVAPTIOELG TTOU 9a rapouotddouyV (It.X. TUIIOVOVIag ot
000v1) ta XapakInplotikd evog AVIIKEIPEVOU P TUrto Student  kat piag rmoootntag
pe tuno Book. Ot 6nAwoeig toug Sa eivatl kat oav

i nt printStudent(Student const & s);
i nt printBook(Book const & c);

eve, popavwg, da xpeiadoviat pocBaon ota péAn tng Sopng. Kat idAt ouvavio-
Upe v EAAelyn 1oXupng ouvdeong g Kabe ouvAaptnong pe Tov aviiototo Turo,
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MAPOAO TTOU UAOTTOI0UV TTPASEIS AIMOKAEIOTIKA O€ AVIIKEipeva aut®v. ErurmAéov,
tinote &e pag sprodidel va dwooupe wg opiopata otlg ouvVaptnoelg, avilkeipeva
ou Sev €xouv (1) Hev prmopouv akon va £€X0UV) TIHEG Yia 0Aa ta péAn toug (Kat,
OUVETIRG, £ival 11 EKTUMIOOIA)" KATL TETO10 eivat bavo va oupBet av, Tporomnot-
AVIag Tg apXikeEg dndmoetg, rpoobécoupe PéAnN otig 6opég Kat dev kAavoupe TG
KataAAndeg aAdayég otov umodoro KOdika pag. Ermbupnto sivarl va mapéxet 1)
vAwooa mpoypappatiopou ) duvatdtnta va e§aopadidoupe ot pia ouvbetn ro-
ootta propet xpnotpornonOel apou dnpuioupynHel MANP®S KAl ArTOKTN0El KATAA-
AnAn tpr). Z C+ autd srmtuyyxavetal petapépoviag ) dwadikaoia dnpioupyiag
Kat andédoong TiHng oTt0 0OUa CUYKEKPIHEVNG ouvaptnong (constructor), n orto-
ia kadeitat avtopata pe katddAnda opiopata katd ) 6HAwon kKaOs petabAntg
oUVOETNG TI0COTNTAG.

Me v mapovoa MPOOEYYlon 1 rpooBacrn ota péAn tov dopmv ouveyilel va
etval ermrpertty) anod ornolodnIote ONUEio TOU MPOYyPAPPATOS Hag. AUTO €XEl @G
OUVEIElQ va Kataotatal avaykaia n e&étaon kat rmbavr) tporonoinorn oAev tov
onueiev tou KOd1Ka ota oroia ¥pnotpornoieitat pia dopn, otav rpoorabovpe va
evrorticoupe Kat va §1opOwooupe KATO10 opaApa 1 oty repinteorn rnou JeAroou-
€ va TPOTIOIIOI|COUHE TNV E0MTEPIKI avarapdotaon mg dopng (pe mpoodnkn 1
dlaypadr) pédoug, aAdayr) ToU ovoOpPATOG 1) TOU TUITOU KAITO10U UTIAPYXOVIOG, KATL.).
Eivat dwaitepa xpriowpn n duvatdinta mg yAoooag va meplopidet v mpooBaon
ota péAn pa Sopng PoOvo 0e OUYKEKPIPEVEG OUVAPTIOELG, Ol Oroleg eivatl autég
mou ermrpénetatl va kadovpe. H Suvatomnta va Siaxwpidoupe tov 1poro uloro-
inong amd tov TPomo xprong plag ouvletng roodtntag ovopddetat vduAdkwon
(encapsulation).

H C+ enexteivetl ) doun struct mou kAnpovopnoe aro tn C Kat ermrpénet
va undpxouv ouvaptroslg g PEAN pag dopng. Eruumdéov, pe mv sioayoyr g
deopeupévng A&Eng cl ass avtl yia ) st ruct ot énAwon g dourg, meplopilet
mVv gpBédela v pedwv g KAAong Povo oto “eomteplko” tg: kappia “Sévn”
ouvdaptnon Sev £xel mpooBaon o autd, eite eivatl petaBAntég eite eivat ouvaptroetg,
EKTOG £V pNTd 6nAmBet 10 avriBeto.! Ot TUmotl mou opicape Mapandve yivovrat
0 TIEPIEKTIKOL Kal AoPaAEiG Pe TIg aKOAOUOEG TPOITOTIO)0E1g

cl ass Student {
std::string name;

int AM;
int Year;
...
public:
int print() {...}
/I former int printStudent(Student const & s);
std::string getName() {....}
int getAM() {....}
i nt getYear() {...}
...
h

cl ass Book {

'H 8rAwon kAdong pe ) St I UCt mapéyet eAetBepn mpéoBaon ota PEAn EKTOG av PNTA MEPIOPL-
otel 1) pooBact) 0e CUYKERPIHEVA.
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public:
int print) {...} /I former int printBook(Book const & c);
std::string getTitle() {....}
std::string getAuthor() {....}
int getyear() {..}

...

private:
std::string ftitle;
std::string author;
int year;

...

h

Ag 115 Soupe o avadutikd. 'Exoupe petagpépet g Sndaoeig (kat BéBala kat toug
0ploPoUg, O PO PAOcT) TV ouvaptnoenv printStudent() kat printBook() oto
£0MTEPIKO TOU OPIOHPOU TV AVIIOTOX®V KAAOE@V" £XO0UV ardoroindsi ta ovopata
T0Ug (X0pig va undpxel oUyKpoUon KaBmg avrKouv o€ S10(POpETIKEG KAAOELS) KAl
artadowdpBei ta opilopatd toug (6e xpetadoviat kabag propovv va Spacouv oe ouy-
KEKPTHEVO AVIIKEIPEVO NG KAAOTNG OV 0Ioia avKouv Kat povo). ®upnbeite ot
ota PEAn evog avuKeEPEVOU piag st ruct €xoupe npooBaor pe tov tedeot (. ). To
1610 akp1BG 10X UEL KAl Y1la TI§ KAQOE1S KAl yld TI§ ouvaptoeig-péAn avtov. 'Etot,
n KAnon g print() yla pa roodtnta tunou Student  yivetat wg €81

Student s;
s.print();

H ripooBaorn) ota péAn Tou avikelaévou s 010 omld g ouvaptnong print()  pro-
pel va yivel areubeiag pe 1o ovopd toug. I1pooédte 0Tl otov 0plopd g KAGoNg, 1
OUYKEKPLPEVT ouvaptnon dndovetat peta ) eukera publ i ¢: - autr) kat 6oa dAAa
PEADN v akoAouBbouv PImopouv va KANOoUV (av MPOKeltal yla oUvaptnoelg) 1 va
ipootrtieAacOouV (av rpokettal yid PetaBAnNTég) arod orotodrmote TR TOU KOJIKA
pag €Em ano v kKAdorn. Avtifeta, ta pédn mou opidovial apéong PETA T0 APXIKO {
g KAAOoNG 1) PETA amo v €UKETA Pri vat e: propouv va xpnotpornotnfouv povo
anod ouvaptoeig-péAn g 161ag kKAaong.

Zupeeva Pe ta apandve, td PEAT Iou eptypddouy 1810tn1eg v Sopav eivat
rAéov arpooriEdacta €@ aro TG KAAOELS" £101, £XOUHE MPOOHECEL OUVAPTIOEIG
ou eAéyyouv Vv rpooBaon oe autd. H vlomnoinor| toug (otnv amdn popor)) eivat
TETPIPPEVT), TT.X.

cl ass Student {
std::string name;

...
public:
std::string getName() { return name;}
...
h

[ToAAEG oUYXPOVES YAWOOEG TIPOYPAPHPATIONOU ITApEXOUV avaloyeg duvatotn-
1e¢ HE aUTéG ToU avagépape ot CH yla v unootrpi§n toU oy AUUATIoUOU
Baoilousvou os avtikeiusva.

Ag urioBécoupie o011 ermbupoupe og HeUTeEPT) PAOT) VA EMEKTEIVOULLE TO TTPOYPALL-
pa Kat yla dAAa péAn g MAaveruotiikyg Kowotntag® oroloodHnote aviKel 0t
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MPOO®ITKO Tou ITavermotnpiou propet va davelotel PiBAia, pe dradopetikeg mipo-
Unobéoelg, avaloya pe to av eivat gottntg, Kabnynmg, 1 epyalopevog. Oa
propovuocape va opiooupe KataAAnAeg KAAoelg yla tyv kKabe katnyopia. Xe autrv
Vv NPOoEyylon, opeg, da darmotwvape ot da eixape peydda tpnpata KOdi-
Ka va eravalapBdavovial, oUclaoTika autouold, KaOmg TToAAEG AsTTIOPEPEIES TG
KaBe katnyopiag dev aifouv 161aitepo poro. Eivat mmpotipdtepo va uAormoirjoou-
HE 010 mpoypappd pag my €vvola ToU “mpoomItkou tou Ilavertotnpiou” kat va
avantugoupe tov KOSIKA e AUtV og Baon.

O1 yA®0oogg TI0U U0t PidouV mPoypauuatiouod TpooavatoAioUEVO O AVTIKELE-
va pag emrpEnouy va rmapdyoulie ITo E101KEG £VVOLEG ATTO IO YeVvikeg. MItopoupe,
EMONEV®G, VA dNIOUPYOoUNE Pla Epapyia and KAAOEG ol €VVoleg “dottntrg”,
“RaBnynuig”, “epyaldopevog” eivatl e§e181kevoelg tng £vvolag “rpoonIiko”, £Xouv
0Aeg 11§ 1O10tNTEG NG (Ke/lnpovouncdtnra, inheritance) Kat propouyv, EMOPEVRG, va
XpnoporoinBouv orou propel eppaviotet autr). H egeidikeuon dev eprmobdidet g
TAPAYOHEVEG EVVOLEG VA £XOUV, TTIOAVOV, ETITAEOV XAPAKTINPLIOTIKEG 1610TNTEG 1) va
TPOIOITO10UV 1) CUNIIEPLPOPA TTOU UIayopeVet 1 Baciky évvola. ‘Onwg eivat @u-
OlKO, Kal 01 e181KEG £VVOleg PITOPOUV va arotedéoouv Baon yia dddeg: €101, 0 “ye-
TATITUX1AKOG PO1TNTNG” £XE1 OAEG TIG 1610TNTEG TOU “Pottntr)” (KAl PEPIKEG arOPa),
Kat BéBata, 0Aa 1a XapakinelotiKd T0U “IIPO0®ITIKOU”, KAl PIopel va CUPIEPL-
pepBel oav kabepia and autég tig eévvoileg. 'Eva Sepediddeg XapaKinplotko tou
OUYKEKPIPEVOU TPOTTIOU MPOYPAPHATIONOU eivatl ot o1 1810TTeg TG IAPAYOHEVIS
évvolag &g xdvovtat otav autr) xpnotporoteitat oty 9o g Pacikrg Evvolag® €101,
0 1610¢ akp1Big KWOKAG, YpapPEévog yia 1 Bacikn évvola, propel va £xet Siago-
PETIKO AMMOTEAEOPA KATA TNV €KTEAEOT], AvAAoyd HE TV UMOEVVOLd Yld TNV oroia
Ya kAnOei. Auto T0 XapAKINPIOTIKO Aéyetal moAupuop@opuog (polymorphism).

'Onwg iowg avuidapBaveote, 1 oxediaon Kat avAartudn evog Ipoypapatog rpo-
oavatoAlopévou oe avukeipeva eival SepeAdwdang dradopetikeg ano tn pebodolo-
yila rou akoAouBoupe otov S1ad1KAOTIKO MPOYPAPATIONO. STO VEO TPOII0 0Opyd-
VOVOUHE 10 TIPOBANIA pag os €vvoleg, mpoadiopidoupe g 1810TNTEG TOUG KAl TIG
MPASELG TTIOU PITOPOUHE va ekteAécoupe o autég. Ermbiokoupe va dnpioupyrcou-
HE KataAAnAn tepapxia, e§Ayoviag KOwEg 1810TrTeg EVVO1®V TOU MPOBANIATOS Pag
() kat mapopolwv MPoBANUAT®Y rMou 9a CuvVaVvI)ooUlE OT0 PEAAOV) O OCO IO
YEVIKEG KAAOELS Yiveral KAl va avarttu§oupe Tov KOSKa PACEL AUTOV KAt TV aA-
AnAermdpdosmv Toug.

Y11 ouvEXELa TOU Keadaiou da IapouoiactouV He AETTOPEPELEG O1 PN Xaviopol
ou mapéxetl n C+ yila v vAomoinon 60wV avantuxdnkav napandve.

6.2 Oplopdg KAAong

Ag ertavaldaBouple, CURMANPOPEVO KAl KATAAANAA TPOOOUIEVO, TOV OPIOHO
g KAdong pe to ovopa Student' 9a tov avadlcoupe AEITOPEP®OG AUTI) T POPA.

cl ass Student {
public:
Student(std::string const & onoma, int am, int y)
. name(onoma), AM(am), Year(y) {}

~Student() {}
Student(Student const & other);
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Student & operator=(Student const & other);

i nt print() const {

std::cout << name <<’ L << AM <<’ ' << Year << \n};
return O;

}

std::string const & getName() const {return name;}

int getAM() const {return AM;}
i nt getYear() const {return Year;}

voi d setName(std::string const & s) {name = s;}
voi d setAM( int am) {AM = am;}
voi d setYear( int y) {Year = y;}

private:
std::string name;
int AM;
int Year;

5

O oplopodg g KAGong (tou véou turou, dnAadn) elodyetal pe pia ano ug AESelg
cl ass 1 struct, akoAouBoupevng amod 1o Gvopd TOU TUIOU ITOU SnPloupyoupe
Kai, péoa oe aykiotpa {}, amo ta péAn Tou (ITou UAOIO0UV XAPAKINPEIOTIKA Kat
1610ttég tou).  IIpooédte 10 armapaitmto KataAnKuko () mou oAOKANP®OveL Tov
0p1Lo0.

H ouykekpipaévn kKAdon €xet tpia péAn, 1g nmoootnteg name, AM, Year, ota
ortola 1 pooBaor) ermrpénietatl povo and adda péAn g kKAdong. O meploploprog
aAUTOG UTIOONAQVETAL PE TV ETIKETA Pr i vat e: 1ou nponyeitatl twv S1Amoendv toug.
ErurmAéov, n kKAdon nieptdapBavel apketd pEAn, g ouvaptroeig print(), getName(),
getAM(), getYear(), setName(), setAM(), setYear() petadu addwv, n npdéoBaorn kat
XP1O1) T®V OIOI®V £ival EMITPEIT A0 OroudIote Kabwg 0 0p1ojdg TOoUg EMetat
mg euketag public: . IZnpewwote ot o1 etikéteg priopouv va enavalapBavoviat
ot0 opa g KAdaong, dev €xouv npoxkaboplopévn oepd Kkat dev elvat anapaitto
va akoAouBouvtat and SnAdoeig peddv.?2 H mAnoiéotepr), IPog Ta EMAvVe, £TKETA
elvat aut] ou kabopilel v epBédela v pedov mou akoloubBouv. Metd 10
EVAPKINPEL0 AYKIOTPO TG KAAONG UTIOVVOEITAl 1] ETIKETA Private: av o oplopog
eloayetal pe ) Aggn cl ass kat n euxéta public: av xpnoworno)Onke n AéEn
struct . Hermbuunt) ouprniepidpopd eivat oxebov raviote n autopatn evOUuAdkeorn
TV PEADV EKTOG AIO OUYKEKPIHEVA TIOU PNTA £6A1pOUVIAL EMOPEVRG, O OPLOHOS
VEOU TUIOU otnVv Ipddn yivetat ouvr|0wg pe to ¢l ass.

[Mapatpeiote 11§ ouvaptoeig-péAn setName(), setAM(), setYear(), ot oroieg
TPOITOTIOI0UV AAAa P€AN TOU AVIIKEIPEVOU Yla T0 ortoio kaAouviat. O tporog opt-
OpoU toug &g Sradepet amnod g Koweg ouvaptroelg. 'Onwg avapepOnke, n rpooba-
on ota péAn yivetat xprnowonotoviag art eubeiag ta ovopatda toug. IIpooédte ot
Hropouv va avadépovial oe PEAn mou opilovial apyotepa otV KAAon Kabwg o-
noladrote drAworn oroudrote evidg KAAong Yewpeitatl yveworn yia ta uniddourta
péAn. Ol OUYKEKPIIEVEG OUVAPTIOELS, OTIRG £1val (PUOIKO, §ev PImopouv va KAnBo-
UV yla avilkeipeva rmou €xouv dndwdel wg const . AvtiBeta, otig ouvaptr)oeig-HeAn
getName(), getAM(), getYear(), ot oroieg 6 petaBalouv v KAtdotaon T0U avil-
KEWEVOU yla To oroio yivetal n kKAron toug, n AéEn const axkolouBei 1 Alota
OPLOPAT®V TOUG (Kat artoteAel P€Pog Tig dnAwong toug). Ot ouyKeKkpipévol opilojiot

2Tnv tpitn eukéta mou ermrpénetat, v Pr ot ect ed: , 9a ) cuvaviyooupe apystepa.
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EMTPETIOUV OTI§ OUVAPTHOELS va KANBoUV Katl yla otabepd avukeipeva. Emopévaeg,
av 1o s eivat Student, otov ApaAKATO KOSKA

Student & sl = s;

Student const & s2 = s;
sl.setYear(2000); /I correct
s2.setYear(2000); Il error

n KAfon g setYear() yia to sl elvat arnodektt] eve yia 10 otabepo s2 dev ermt-
TpeneTat.

H ouprAnpwoon g 6A®ong OUYKEKPIIEV®V, KATAAANA®V, OUVAPTIOE®V-HEADOV
pe ) A&En const Sev elval avompd anapaimt, eival 6pwg avaykaia ya va
PIopouv va KANBoUv autég yia avilkeipieva mou £€xouv SnAwOet 1] pie orotodnrote
1poro eivat const .

Kdrmnoteg e181koU tUnou ouvaptioetg (Student() , ~Student() , operator=() )
Ya g mapouoiacoupe apyotepa.

Ta pélAn ou anotedouv v vdornoinon plag kKAaong, SnAadr| ot oodtnteg 1OV
Yepedindmv Unev 1 dAAev KAAce®v 10U 1pocdiopilouv TNV opydveon g ot
pvnun, eivat kado va opidovial wg privat e kat va mapgxoviat, av xpetaetat,
ouvaptoelg-peAn dnAovpeveg g publi c yla 10 XEPIOPO TOUG €KTOG KAAONG.
'Onwg katalaBativete, o Xprjotng (o€ aviiBeorn) e Tov POoypapationr)) piag KAGong
evdlagépetat povo yia tg dnAooeig tov peAov (kat, pditota, v publ i ¢) kat oxt
Yyla ToUg 0p1oj10Ug 1) v vdortoinor) toug. Eivat ermbupnto yla Aoyoug eukpivelag,
va PIopoupe va PETAKIVOUHE TOUG OPlOHOUS TOV OUVAPTOEOV-UEADV EKTOG TOU
oopatog pag kKAaong. Na nmapddeypa, o Student propoupe va opicoupe ta
RéAn print() kat setYear() £é§w arno 1o Kuping oopa g oG e§ng:

cl ass Student {

public:

I,
int print() const ;
voi d setYear( int vy);

I,

private:
std::string name;
int AM;
int Year,

2

i nt

Student::print() const {
std::cout << name <<’ L << AM << 7 [’ << Year << \n’;
return O;

}

inline

voi d

Student::setYear( int y) {
Year = vy;

}
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[Mapatnpeiote 611 010 owpa dnAwvovtar ta PEAn, Ve £KTOG autou opifovtar. Mia
Slapopd arnod Tov IPonyoupEvo TPOIo ivat 0Tt Ta ovopatd T®V PEA®V OTOUG 0Opl-
opoUg £€§m ard 10 oOua g KAAoNg mpérnel va ouprnpobouv pe to dvopa g
KAdong otnv oroia avaxkouv (to tpunpa Student::). H dAAn dagopd eivatl ot ot
ouUVapToElg TIoU opidovial eviog g KAdong dewpouvrat ot eivat i nl i ne, §4.8
avtifeta, ol oplopol €KTOG TPETEl va ouprAnpwbouv pe 1o i nli ne yua 6oeg 10
Kplvoupe onpaviko.

O d1a)xwplopodg Tou oplopou pag KAdong oe §Uo tprpatd, KUplo oopd Kat
oplopol TV PeAdV, pag EMTPEIEL va oUyKevipovoue oe apyxeio header (m.x. Stu-
dent.h) to ipeto HNPa (Kkat doeg ovvaptnosig-uéAn eivari nl i ne, deite tnv §4.8)
Kat og addo apxeio (.. Student.cc) v vdomoinon wg. Katd ) petaydotu-
on, 0 KOGIKAG TOU XPNOIHOIoLEl TV KAdon apkel va mepldapBavet (pe odnyia
#i ncl ude "Student.h" ) to apxeio header eve) ) vdonoinor) g propet va pe-
tayAeotuotei ave§dpinta.

6.2.1 Constructor
6.2.2 Destructor
6.2.3 Copy constructor, assignment operator

6.2.4 Other operators, overloading

6.3 KAdaon template



IIapaptnpa A’

IIapadeiypata npog
.. . anoguyn !

Ag mapaBéooupe anmimg, X®wpig oxoAla, Atya rmapadeiypata kodika ocwotng C
ou SeiXVOUV TV KAOKOPETAXEIP1O0T TOV KAVOVROV Kdl TRV SUVATOT TRV T®V YADOOAG.
H C+ eival o avotnpr) Kat dev erutpernel IoAAEG anod autég TG arkpotnteg. Ile-
p1006TEPA Uropeite va Bpeite otn 61eUBUVON ToU OXeTIKOU H1eBvoug Saywviopou!.
Ebdw® napouociadoviat o1 CUPHETOXES

tou Raymond Cheong to 2001, Kodwkag A.1. YroAoyidet to aképato pépog
g TEIPAYOVIKNG pilag tou oplopatog tou (aképatog pe aptio aplbpd yn-
®lav).

tou Michael Savastio to 1995, Kodikag A.2. Yrodoyidel akpibo¢ 1o rapa-
YOVUIKO akepaiav péxpt to 429539.

tou Ken Huffman to 1996, Kodikag A.3. Metatpérnet éva Keiplevo oe Kodika
Braille kat avtiotpoga.

#i ncl ude <stdio.h>

int I; int main(int o, char » O,
int ){ char c, *D=0[1]; if (0>0){
f or (1=0;D[I .ol

++]-=10{D  [I++]-=120;D[l]-=
110; whi l e (main(0,0,1))D[l]
+=  20; putchar((D[l]+1032)

20 ) ;}putchar(10);} el sef
c=o+ (D[1]+82)%10-(1>1/2) *
(D[I-I+1]+72)/10-9;D[1]+=1<0?0
:I(0=main(c/10,0,I-1)) * ((c+999

)%10-(D[1]+92)%10);} return o;}

Kodwkag A.1: cheong.c

1http: //www.es.ioccc.org/years.html
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#i ncl ude <stdio.h>

#def i ne 1111 OxFFFF

#define 11 for

#define 1111 if

#define 1111  unsi gned

#define 1111 struct

#define 111 short

#defi ne 111l I ong

#defi ne Il putchar

#def i ne I1111I(I) I=malloc( si zeof (1111 11));I->M11I1=1-1;]->11111=1-1;
#define 111 *IlllI++=1111%10000;11//=10000;

#define 1101 1121(N2->M2D{ILILI(L->M2l);12->111]-> 1111=11; )\
M=(11=11->M111)->1l;11=1-1;

#define Il 1000

1111 1L {
1111 11 *

mal, =i qn ML i |

11i];};main 01111 11 «ll11, =11l *

11, =1, o« malloc () ; 1111 i n ;

I3l Ll i T ;g

=11 jl< 14; ILICW8)>\'9L)>vI® L), ++1

Y;scanf(“%d",&1); 1 LII(Ll) 11121111 ) (11=11)->

MpL->M[L-1] =1]=I115112(111 =1+1;l11<=l;

+H11){11=1111; ML = (lLi=( I11=111))->

;i =( 11=12)->lII; l=(12l=1-1

ylILGiLl-> S *lIL;) {1

+=I11 e [ll1++ J10L 1111 (++I>11)

[ na=( i =ii-> -1

JILGIL; M 1111 (++I>=IT)

{1y y * =111}

IIn(=(l=1- 1)<l &&

(11->1g 1 I=I121);++1); I Gla;ii=

11->11111,I= M{IL(--1 1>=1-1;-],

++l)printf( (1)2((19619) 2"%04d":(ll=

19,"\n%04d") ):"%Ad" |1-> ) ;3

111(10); }

Kodwkag A.2: savastio.c

... AIIOPYI'H!



#define x char
#define z el se
#define w gets
#define r if
#define u int
#define s main
#define v putchar
#define y while
#define t " _A?B?K?L?CIF?MSP?E?H?0?R?DJIG?NTQ?????2U?V?2?22?22X??2?2?2?22Z??2?2?W?2?2Y??"
s( ) { x=xc , b5 * 72 J,u ae , d [ 9
+9+9] ; y w (b)) r(o0 [b]-7 *
5 ) { ¢ = b ; y * c - 6
*x 7 )x* c)c= c+t1 ; r¢((C -0) [c 1&& w( b +

8 x b 3 ) && w (b +8 *5 * 6) )

{a = 0y a [

) { al d ]=1! (a[ b] 4 *8 ) ;a = a+
L} y@ < 8 = * d [ ( a++)
1 = 0 a = 0 y( b [
a+ 8 *«3 =« 5 1) { d[a ] =a] d + 1t 10 b
at 40 * 3 ] 4 x8) x 2 ++ a } a
0 y ( a [ b+ 6 * 40 ]
) {ad] += ! ! (b[a 5 * 6 * 8 1-4 *
8 * 4, a = a +1 } a= 0; y (@ <3 *8

*5 ) q r ( a d ) { e

=1y ( ea + d) » (dtar  e) =ad
+e 1] +( d [ a + e ] << ( 3 * e)) e
= + 1 }a = a +
e 1 v ( * (0 d+

a) % ( 64 ) -12 x 5

+ (e
> 4 )?t[ e >27? 2 a d 6 * 8 +(t
a 18 8 1 -4 ) %( 10 ) ) ;o (@2 [a
+ d + 3 [d+ a 1) \Y ( 4 * 8
v a= a +1;}v (5 * 2 ) } z {c =b ;
=0 ; y (» ¢) { =+ c¢+= (*c > 8
) * 32 a = 8 * 8 ;

>= 48 &&* <8 *8 6) { *c =( *c +1
) %( 5 *2 )+ 65 1y --a >0 &&
-al g ) dl (e o+ )] =4
*(d+ (e ) )= 07 }z ya@ - >1

& & c- tla ] d[ (e =e + 1) -

1] =a %8 y o (@ = 8) d (e ++

)] = a% 8 ;++c , * ( e++ +d) =0

- e r ( e> )fa = 1 ;

y ( a< 8 ) { c¢= by

(c <e+b ) { v ( * (c - b+d )& a?6 *7

8 x 4 ); ¢+ }Ya= a + a ; v (2 9«
5: v (5 = 2 ) oonn }

Kwdikag A.3: huffman.c
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IIapaptnpa B’

Alaocuvdeson pe KOB1KeG o€
Fortran xait C

H C+ 8iver ) duvatouta va evoouat®ooupe o€ MPOYPAPHA HAS KOOIKEG
ypappévoug oe dAdeg yAoooeg mpoypappatiopou. H akpiBrng dadikaoia e§ap-
Tdtal og oAU peyddo Babuod amnd toug compilers mou Sa ypnotponoinBouv, Sa
nPooTIaB)C0UPE OP®G VA MEPLYPAYOURE T YEVIKY 10¢a. ®a avagpepboupe otn
6raouvdeon pe kodika oe Fortran 77 kat C' mapdpola 10XU0UV Kal o 00§ YAQO-
0EG IPOYPAPPATION0U akoAoubouv ) oupbaon diaouvdeong g C. Ot compilers
yia kodikeg oe Fortran 90/95 6ev tkavomoovv avtd 10 KOLTHplo Kal TPETEL va
oUpBoOUAEUTOUE TNV TEKPNPI®OT] TTIOU TOUG OUVOSEUEL Yld ToV akp1Br] pnxaviopo
draouvdeong. Akopa kat oe Fortran 77 o compiler priopei va anoxAivel amno ooa
9a avapépoupe Mapakdte!.

21a MApaKAte, vvoeitatl Ot 1 Baciky) cUVAPTNON TOU IPOYPAPHATOS 1ag (0
main() ) petaydettidetal pe tov compiler g C+, kat, BéBata, otov KMd1KaA 10U
npoortaboupe va ouvbécoupe Sev urtdpyet dAAn main()  (yia kodwka C) 1) PRO-
GRAM (ya kodka Fortran).

B.1 Kodikag oc C

Zinv nepintoon mou ermbupoupe va xpnotponotooupe kKodika oe C ermdi-
OKOUYE, KATapXHV, va Tov petayAetticoupe pe tov compiler g CH. Ymapyet
mbavotnta va pnv xpetaletal kappia tpororoinon kabwg n C ektog anod e181kEG
MEPUTIOOELG £ival UTIOOUVOAO g C+. Av ermtUuxoulle, PIIOPOUHE VA AKOAOUB|coU-
HE TO POVIEAO EEXWPI0TAG HETAYAMTUONG TTOU avadépape oto Kepdlato 4.

Ye mepinmeor mou npEMel va Xpnotpornotrjoouie tov compiler tng C otov Kod1-
Ka IOV €XoUlE 1) otav dev €xoupe mpooBaocn otov kKodika addd povo oe object
file 1) library (1161 petayAotuopévog kowdikag) akodoubouyie v &g Siadikaoia:
aropovovoupe Tig dnAwoelg kKabBe ouvaptnong otov ‘Tévo” KWdKa KAl T OUp-
niepldapBavoupie eite autouoleg eite péowm apxeiou header otov §1k6 pag KWdH1KaA.
dpovtidoupie KATOIm va evpepOoouie Tov compiler tng CH o0t autég o1 poutiveg
aroAouBouv 1o rpoturo dtaouvdeong g C ouprmnpwvoviag 1g SnAmoelg Toug pe
oextern "C".

ly1a napddetypa, o Fortran compiler tng NAG 6tav 1 poutiva rpog PETayAGTIion £xel oodTnTa
winou CHARACTER wg 6ptlopa.
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Mapadewypa:
'Eote étt dvo poutiveg f,g

int f( double a) {

€yxouv petayAdottotei pe compiler g C. Ztov kodika tng C+ cuprnieptdapBavoviat
o1 SNAMOELG TOUG pE T NopPdT)

extern "C"
i nt f( doubl e a);

extern "C"
void g(int a);

1), 10oduvapa, pe

extern "C" {
int f( doubl e a);

void g(int a)
}

Ot apandave dnAMoelg apKouv yia 1 petayA®ttion tou kodika C+. X1 @dorn) tou
linking ripénet va nipoodilopiocoupie Kat to apxeio object 1 ) library rmou nepi€yet
10 petayA@Tiopévo Kedikd toug. 'Etot r.X. oe ovotrpata UNIX pie compilers tou
GNU Project, av urtoB¢couie 0Tt 0 IIPOYpaAPd Pag MEPLEXETAL OTO apXeio prog.cc
Kat ot "§éveg” poutiveg eivat oto fg.c, Sivoupe tig eviodég

gcc -c fg.c
g++ prog.cc fg.o

H npotn napayet éva apyeio tunou object, pe katdAngn .o, 1o oroio ouvdeetal
pe tov kOdika oe C+ pe ) deuUtepn evioAn yia va rapaydei exktedéotpo apyetio.
Avdloya 1oxuouv Kat yia dAAoug compilers kat Ae1toupyikd cuotipata.

B'.2 Kodikag oc Fortran

H ouprniepidnyn petaydottiopévou kodika Fortran 77 etvat napdépoia. To on-
Jeio Tou TPEMEL va TIPOoEEOUE eivat 0 oxnuatiopdg tng S1Awong tng ouvaptnong.
Ag 10 doupe pe éva peadiotiko rapddeypa:

Auo ouldoyég poutivwv oe Fortran, sdeuBepa dabéopeg, eival n BLAS KAl 1)
LAPACK. H mpwtn mapéxetl tayxutateg poutiveg yla OTOXEIDd! XEPIOPO ITVAK®V,
povodiaotatev 1) Sididotatev (moAdardaotaocpiog otabepdg pie mivaka, rpoobeon)
mvakev, KAr.). H 8eutepn xpnowomnotei autég yia va ulorow)ost aAyopOpoug
ermAuong ypappikov ouotnpdiov, eupeong dlotpov Kat 181081avuopdtov KATL.
Eivat 18waitepa xprioijieg oe UmoAoylotikoug kKwdikeg. Mia ard tg Pondnukeg
poutiveg eivar nj dlasrt() n onota tagivopei povodiaotato mivaka mEaypatikeoy
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apOnov SutAng axpiBeiag. H meptypadr) g amoéd TV TEKUNEIOOn g LAPACK?
elvat ) e€ng

SUBROUTI NE DLASRT( ID, N, D, INFO )

CHARACTER ID
| NTEGER INFO, N
DOUBLE PRECI SI ON D( * )

H enegnynon twv oplopdtev eivat

ID (input) CHARACTER *1
= I sort D in increasing order;
= 'D: sort D in decreasing order.

N (input) INTEGER
The length of the array D.

D (input/output) DOUBLE PRECISION array, dimension (N)
On entry, the array to be sorted.
On exit, D has been sorted into increasing order
(D) <= ... <= D(N) ) or into decreasing order
(D(1) >= ... >= D(N) ), depending on ID.

INFO (output) INTEGER
= 0: successful exit
< 0: if INFO = -i, the i-th argument had
an illegal value

210 oxnuatopo g 8nieor|g g yia ) CH 1oxuouv ot €81 aviototxoeig (1)
Mo o®otd, eAnidoupe ot woxvouv, Kabmg eSaptovial arnd toug compilers):

Fortran CH+

| NTEGER i nt

REAL fl oat

DOUBLE PRECI SI ON doubl e

LOGd CAL bool

CHARACTER char

COVPLEX std::complex<  fl oat >

Mapatwpovpe ou n dlasrt eivar SUBROUTI NE kat eropévag 9a 6ndwbei ot
C+ g VOI d. e apxik6 otadio n drdwon sivat

voi d dlasrt( char id, int n, double d[], int info);

To évopa tng ouvaptnong ivat pe nedoug xapaktrpeg. Ta ovopata 1oV 0plopat®v
dev £xouv onuacia apd povov o tirog toug. [Ipooédte ot av eppaviddtav wg opt-
opa 818idotatog mivakag, n 6nAdwon ot C+ da nNrav €vag povodldoTarog mvarag
oe column-major order (n arnoBrkevuon yivetatr kKatd otfAeg). XupBouleuteite
m §2.6.1 yua 10 g yiverat o oplopdg Kat 1 mpooBaoct oe TETO10 Iivakd. XInV
nepinmeon nou xpnowponowrjooupe Std::vector<> yla v vldormoinorn tou Sa

20¢ ouotpata UNIX n evioAr; man dlasrt mapouctadet v meptypadr tng.
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TPETIEL Va “Tiepdooupe” otn ouvaptnon 1 Sievduvon ToU MP@ToU otoyeiou, dnAa-
61, av V sivat éva std::vector 10 Oplopa Sa unokatactabei pe 1o &V[0] .

'Onwg BAénoupe otnv reptypadn g ouvaptnong ta duo mpota opiopata, id,
n, Xpnotponotouvial povo yia eicodo dedopévav, eve ta dAda duo tporonotovviat
and ) ouvaptnorn. Kado, addd 6xt anapaimto, ivat ta dvo mpota opiopata va
6nAwbouv wg const .

[Tpooédte 61 0Aa ta opiopata oe pia poutiva g Fortran propouv va tporio-
ronOouv anod autr). Avtiotolyn oupmeplpopd ermruyyaveratl ot CH dndovoviag
1a ©g avadopég (§4.2) (extog aro ta opiopata mvakev 11 dAAeov de1Kktav, yla ta
omota &e ypetdletay). Me ta nmapandve n 6ndeon yivetat oe deutepo otadio

voi d dlasrt( char const & id, int const & n, double d[,
i nt & info);

Av o compiler tng Fortran akoAouBei 1o rpotuno Siaocuvdeong tng C n dniwon
MPErel va ouprAnpndei pe to extern "C" . O compiler propei va mapéxet
urootr)pgn Kat yia dAAoug tporoug diacuvdeong.

Edwkd yua toug GNU compilers kat 60oug akoAouBouv 10 §1KO TOUG TPOTTIO
Olaouvdeong 10 Ovopa TG OUVAPTNONG TPOITOIOLEITAl KATA T PETAYA®TION ©G
€€Ng: petatpénetat o 1edd Kat TpooapTatal 0to TEA0G TOU OVOIATOS O XAPAKTIHPAS
’_’pia @opd av 1o dvopa g ouvaptnong Sev tov reptéxel, Kat 6o av ndn urtapxet.
Bdoset tov apanave n SHAwon yia autoug toug compilers yivetat

extern "C"
voi d dlasrt_( char const & id, int const & n, double d[,
i nt & info);

Me v napandve SnAwon, 1 PeTtayAotiion €xel O0An v mAnpodopia rou
Xpetddetat yia va npoxwmpnoet. H ouvdeon tov poutivev (Iou yia 11§ LAPACK Kat
BLAS ¢pxovtatl oe library) yivetat (oe ovotpata UNIX) pe tnv akoAoubr) evioAr)

g++ prog.cc -llapack -lblas

Xwpig va priovpe os Asmttopépeieg, avapépoupe ot 1 Fortran 2003 nipoodio-
pidel kavoveg yla 1) dtaouvdeon poutvev g oe KOd1ka C (ouvenmg kat C+).

Y& KaOe meplmtoon mpEmnet va oupBoUAEUOACTE TNV TEKPNPI®on TTou ouvode-
Vet toug compilers rou Ya xpnotonoticoupe.



IIapaptnypa I

AUOCELG EMAEYPREVQV
AOKIOEQV

IMapakdte® mapouoctdadovial CUVOITIKA EVOEIKTIKEG AUOEIS KATIOI®V ATTO TG a-
OKI)0€1G.

Ke¢padawo 3

4.

5.1.

5.2.

Fpayte k®S1KA MOV va turevel 8 tuxaioug apiOpouvg.

#i ncl ude <iostream>
#i ncl ude <cstdlib>
int
main() {
std::cout <<"RAND_MAX _is " << RAND_MAX << "\n’;

std::srand(12345U);

for (int i =20;i < 8; ++i)
std::cout << std:irand() << \n’;

Anpioupynote éva apyeio pe 1000 tuxaioug akepaioug oto diaotua [-20 :
20].

#i ncl ude <fstream>
#i ncl ude <cstdlib>

int
main()

std::ofstream random("rndnumbers");

for (int i = 0;i < 1000; ++i)
random << static_cast <i nt >(-20.0
+ 41.0 =« std:rand() / (RAND_MAX+1.0))
<< \n;

Fpayte éva npoypappa CH mou va 61aBddetl 1o apyeio Kat va TUMOVEL otV
000vn 1oooug JeTIKOUG, apvnTIKOUG Kat 100Ug Pe To O ap1Bpoug mepiExet.

#i ncl ude <fstream>
#i ncl ude <cstdlib>
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#i ncl ude <iostream>

i nt
main()
std::ifstream random("rndnumbers");
int r
int neg = 0;
int zer = 0;
int pos = 0;
whi l e (random >> 1) { /I when read fails, random is false
if (r < 0) ++neg;
if (r == 0) ++zer;
if (r > 0) ++pos;
std::cout << "There are " << neg << " _negative _numbers.\n";
std::cout << "There _are " << zer << " _zero _numbers.\n";
std::cout << "There _are " << pos << " _positive _numbers.\n";
}

6.1. I'payte npoypappa C+ mou va urtodoyidet to mapayovuko (n!) evog axkepa-
iou.
#i ncl ude <iostream>

/I factorial
int
main()

int n
std::cout << "Give _hon_negative _integer _number ";
std::;cin  >> n;

doubl e fac = 1.0;
for (int i=1; i<=n; ++i)
fac *=1i;

std::cout << "The _factorial _of " << n
< " s << fac << \n}

"
-

6.2. payrte npdypappa C+ nou va tuneovel toug N rmpotoug 0poug g aKoAou-
9iag Fibonacci.

#i ncl ude <iostream>

/I Fibonacci
int
main()

int n;
std::cout << "How  _many_Fibonacci ,_numbers? _";
std::;cin  >> n;

int fO 0;
int fl 1

if (n>0)

std::cout << fO << \n’;
if (n>1)

std::cout << fl1 << \n;

for (int i=2;i<n; ++) {
int const f2 = f0 + f1;
std::cout << 2 << \n;

fo
f1

f1;
f2;
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6.3. I'payte npoypappa CH mou va Bpioket 1o péyloto Kowo dapétn 6Uo axke-
paiov aplbuov.

#i ncl ude <iostream>

/I greatest common divisor, Euclid’s algorithm: gcd(N,M) = gcd(M, N mod M)
int
main()

std::cout << "Give _two _positive _integers:
int m,n;
stdi:cin @ >> m >> n;

o

while (n = 0) {
const int temp = m;
m = n;
n =temp % n;

}

std::cout << "The _greatest ,_common_divisor is

[

<< m << \n;

6.4. I'payte npoypappa C+ rmou va ermBeBaiwvel 10 Oedpnpa 1OV TE00AP®V Te-
Tpaywvev tou Lagrange.

#i ncl ude <iostream>
#i ncl ude <cmath>

int
main()
usi ng std:sqrt;
std::cout << "Give _a_positive _integer _number: _";
doubl e N; /I double, to use it in sqrt
std::cin >> N;
for (int al = 0; al <= sqrt(N); ++al) {
int const alsq = al = al,;
for (int a2 = al; a2 <= sqrt(N-alsq); ++a2) {
int const a2sq = a2 * a2;
for (int a3 = a2; a3 <= sqrt(N-alsg-a2sq); ++a3) {
int const a3sq = a3 * a3;
for (int a4 = a3; a4 <= sqrt(N-alsg-a2sg-a3sq); ++ad)
if (alsq + a2sq + a3sq + a4 *a4 == N)
std::cout << N << " s "
<< al <<’ *’ << al << " 4"
<< @2 <<' ¥’ << @2 << " 4"
<< a3 <<’ *’ << ad << " 4"
<< a4 <<’ *’ << a4 << \n’;
}
}
}
}

8. Tpdyte KOHEIKA IOV va TUIGOVEL TG pideg Tou oAuavupou ax? + bx + c.

#i ncl ude <iostream>
#i ncl ude <complex>
#i ncl ude <cmath>

#i ncl ude <iomanip>

/I roots of quadratic a X2 + b x + ¢
int
main()

std::cout << "Give _coefficients a,b,c:
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doubl e a,b,c;
std::cin >> a >> b >> ¢;

if (@ ==0.0) {
std::icerr << "a _must _be_non-zero\n";
return -1;
}
typedef std::complex< doubl e> complex;
complex const sqrtD = std:sqrt(complex(b *b - 40 * a * ¢))
complex x1 = (-b + sqrtD) / (2.0 *a);
complex x2 = (-b - sqrtD) / (2.0 * a);

doubl e const large = 1e6; // a number much larger than 1

if ((b*b>1large * 40 * a * c) & (c != 0.0) ) /I b™2 >> 4dac
if (b >0.0 /I then x1 is not accurate
x1 =20 * c/ (-b - sqrtD);
el se /I x2 is not accurate
x2 =20 =* c/ (-b + sqrtD);

std::cout << "The _roots _are "
<< std::setprecision(12) << x1 <<’ << x2 << \nj

std::cout << "The _residues _are
<< ax*x1l*x1 + b*x1 + ¢ <<’
<< a*x2*x2 + b*x2 + ¢ << \n’;

13. AAyop18p0t 0AOKANP®ONG.

doubl e
trapez( double a, double b, int n, double (*f)( double x)) {
doubl e const Dx = (b-a) / n;

doubl e sum = (f(a) + f(b)) / 2.0;

for (int i=1; i < n; ++i) {
double x = a + i * Dx;
sum += f(x);

}

return sum * Dx;

}

doubl e
simpson( doubl e a, double b, int two_n, double (*f)( double x)) {
doubl e const Dx = (b-a) / two_n;

doubl e sum = f(a) + f(b);
for (int i=1; i < two_n; ++i) {
double x = a + i =* Dx;
doubl e coef = (i%2 == 0 ? 2.0 : 4.0);

sum += coef * f(x);

}

return sum * Dx / 3;

15. Ipdyrte éva npoypappa C+H mou va vdortotet to Game of Life.

#i ncl ude <fstream>
#i ncl ude <sstream>
#i ncl ude <iomanip>

int
main() {



int
int

int
int

int

const M
const N

51

const maxgen
const digits =

gen[M][N];

2;

512;

1000; // how many generations

3; /I 1+ logl0(maxgen-1);

/I initial generation; two pairs of diagonal lines

for

}

(int is=

0; i

< M; ++) {

for (int j=0;j<N; ++) {
if ((==j+1) || (==j-1) || (==N-1-1) || (i==N-1+1) )

gen(ilj
el se

gen[i]

] =1

[il = 0;

for (int generation = 0; generation < maxgen; ++generation) {
/I save generation
std::ostringstream filename;
filename << "life_"

<< std::setw(digits) << std::setfill(’0")

<< generation
<< ".ppbm";

std::ofstream out(filename.str().c_str());

out << "P1\n" << N <<’

for (int
for

if (generation == maxgen-1)

(int

0; i < M; ++i)
j = 0; ] < N; ++)

out << genli[j] << \n’;

L << M <<\

br eak;

/I P1, width, height

/I In the last generation don't calculate the new one.

/I new generation

i nt newgen[M][N];

for (int
for

i =
(int
int
if (i
if (i
if (

it

0; i < M; ++) {
j=0 ) <N +4) {
neigh = 0;

-1 >= 0)

neigh += gen[i-1][j];

+1 < M)
neigh += gen[i+1][j];

-1 >= 0)
neigh += gen[i][j-1];

+1 < N)
neigh += gen[i][j+1];

if ((-1 >= 0) && (-1 >= 0))

neigh += gen[i-1][j-1];

if ((-1 >= 0) && (+1 <

ifo((+1 <

neigh += gen[i-1][j+1];

neigh += gen[i+1][j-1];

if ((i+1 < M) && (j+1 <

neigh += gen[i+1][j+1];

N)

M) && (-1 >= 0))

N)

if ((neigh == 3) || (gen[][] && (neigh == 2)))

el se

newgen[il[j] = 1;

newgenl[i][j] = 0;
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/I copy new generation to old
for (int i =0;i< M, ++) {
for (int j =0;j<N; ++) {
gen[i][i] = newgen(i][i;

Ke¢palaiwo 4

4. YroAoyiote v opidouoa TETPAy®VIKOU Ttivaka A.

#i ncl ude <vector>

int
copy(std::vector< doubl e> const & A, int N, std:vector< doubl e> & Alj,
int row, int col)

doubl e
determinant(std::vector< doubl e> const & A, int N) {
if (N==1) return A0];

std::vector< doubl e> Aijj((N-1)  *(N-1));

int const col = 0;
int sign = 1, /I (-1)"(0+col)

doubl e sum = 0.0;
for (int i=0;i< N; ++) {
copy(A, N, Aij, i, col);

sum += sign * Afi+col *N] * determinant(Aij, N-1);

sign = -sign;

}

return sum,

}

i nt

copy(std::vector< doubl e> const & A, int N, std:vector< doubl e> & Alj,
int row, int col) {

int in=0;
for (int i =20;i<N; ++) {
if (i ==row) continue;
int jn =0;
for (int j =0;j < N; ++) {
if ( == col) continue;

Aiffin+n  *(N-1)] = Ali+j  *NI;

++jn;
b
++in;
}
return 0O;

Ta§vopnon. AAyopiOpot tadivopnong.

tenpl at e<t ypenanme T>

void

bubbleSort(T a[], int n){
for (int k =n-1; k > 0; --k)



for (int j=0;j <k ++)
it (afil > afi+1]) {

T c = af
af] = afj+1];
afj+1] = c;
}
}
t enpl at e<t ypenane T>
voi d
insertionSort(T a[l, int n) {
for (int k =1; k < n; ++k) {
int j =0
whi | e (alk] > alj])
++j;
T temp = alk];
for (int i =k i>j -i)
afi] = afi-1];
afj] = temp;
}
}

/I Quicksort with auxilliary matrix.

tenpl ate <typenane T>

voi d
quickSort(T a[l, int n) {
if (n<=1)
return;
/= if the matrix has one element or does not exist,
there is nothing to do. */

/I make b large enough for (n-1) elements above or below the in
T b[(n-1) + 1 + (n-1)];

int const middle = n-1;
int const k = 0; // choose any index in [0, n).

/I copy chosen element to middle position of b.
b[middle] = alk];

/I separate low elements of a to upper half of b
/I and high elements of a to lower half of b.
int jlow = middle;

i nt jhig = middle;

135

itial.

for (int i =0;i<n; ++i) {
if (i==1k) [/l skipiif on the chosen element. It has been copied.
cont i nue;
if (@] <= alk) {
--jlow;
bfjlow] = al[i];
} else {
++jhig;
bljhig] = a[i];
}
/I b[jlow] .. bfjhig] is the new matrix. Copy it to a:
for (int i =0;i < n; ++i)
afil] = bljlow+i];

/I sort "low" matrix

/I between b[jlow] and b[middle-1] there are (middle-1) - jl
/I The "low" matrix starts at a[0]

quickSort(a, middle - jlow);

/I sort "high" matrix

ow + 1 elements
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/I between b[middle+1] and b[jhig] there are jhig - (middle+ 1) + 1 elements
/I The "high" matrix starts at a[middle-jlow+1]
quickSort(a+middle-jlow+1, jhig-middle);
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